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can fire ten rounds a minute with only four men to 
serve it, so that this gun with four men to serve it will 
fire as a per minute as could formerly be 
fired by eighty men with ten guns. 

“ But while admitting, as all must do, the Myon a 
riority of modern war ships over those which p' ed 
them, you will probably say, “ Look at their enor- 
mously greater cost and the burdens they impose upon 
the taxpayers.” Now, I think there is a great deal of 
fallacy about the impoverishing effect upon the nation 
of this increase of cost; every penny spent upon ships 
of war is spent in the country, and every article used 
in their construction is derived from the natural re- 
sources of the country. The nation, taken as a whole, 
pays for its ships out of one pocket and receives the 
money into the other, and I do not see that it is much 
the worse for the operation. Much is said about the 
difference between productive and non-productive ex- 
penditure, but I fail to see how SS on war 
ships can be called unproductive when we gain by it 
protection from aggression on our coasts, our colonies, 
and our commerce.” ' 


TRIAL OF THE VICTORIA FOR SPEED AND POWER. 


The forced draught steam trial of H. M. line-of-battle 
ship Victoria took place on June 14 off the Maplin 
Sands, under very favorable conditions, the sea being 
—- smooth. Some little delay was caused in getting 
the anchor on deck, which necessitated a partial bank- 
ing of the fires, and somewhat affected the immediate de- 
velopment of the full horse power ; but by the time the 
ship had reached deep water the engines began to make 
105 revolutions per minute, and maintained the rate 
during the four hours’ trial. The ship was remarkably 
steady, and notwithstanding the tremendous power of 
the engines, scarcely any vibration whatever was felt 
in any part of the ship. Mr. Humphrey, the contrac- 
tor, was on board, and must have been highly gratified 
at ‘the result, for his engines developed 2,244 horse 
power over the contract requirements, and thus secured 
the contractors a premiuin of £28,000. We believe the 
agreement with the Admiralty was that if the engines 
exceeded 12,000 horse-power the contractors were to 
receive £6 13s. 4d. for every horse power in excess of 
10,000. The original contract was £98,000, so that with 
the added premium Messrs. Humphrey will receive no 
less than £126,000. The speed of the ship, 174 knots, 
or 20 miles an hour, was considered highly satisfactory. 
The engines worked without the slightest hitch from 
beginning toend. We are curious to know, says the 
Broad Arrow, why so large a premium was paid, and 
upon what base of calculation the sum of £6 18s. 4d. 
comes in. 








NAVAL ARCHITECTURE IN THE GLASGOW 
EXHIBITION. 


In the main avenue of the exhibition are many su- 
a vessels, some of which we herewith illustrate 
rom the Hngineer. 

The steamer Roslin Castle was built about five years 
ago by Messrs. Barclay, Curle & Co., for the well- 
known Castle line of Donald Currie & Co., which trades 
to the Cape and other parts of South Africa. Her di- 
mensions are 380 ft. by 48°3 ft. beam and 31°45 ft. depth 
of hold, the gross tonnage being 4,281 tons and net 
tonn 2,746 tons. At present she is fitted with com- 

und direct action surface-condensing engines hav- 
ng cylinders 50 in. and 90 in. in diameter and a 60 in. 
stroke, her consumption of coals being |°9 lb. per indi- 
eated horse power per hour, and speed 14°4 knots. It 
is understood, however, that Messrs. Currie intend 
replacing these with triple expansion engines, in order 
to still further economize in her working and keep 

with modern improvements. The full model of the 
lin Castle is handsomely finished, and faithfully 
shows the form and details of this excellent vessel, so 
well known and popular on the Cape route. Many im- 
rtant features in the design cannot, unfortunately, be 
ndicated in a model; and not the least interesting of 
these is the extensive bulkhead subdivision and the 
— system of pumping with which she is provided. 
uch provision for the safety of passengers deserves the 
~_—— commendation. In addition to the most power- 
ful description of Downton’s manual deck pumps, the 
Roslin Castle has 15 in. suction pipes in each main 
compartment, these being in connection with the main 
steam pumps, and with other steam pumps of great 
power made by Messrs. Gwynne, of Lenten. here 
can be no doubt that this is the class of vessel which 
could be best utilized as an armed cruiser for the pro- 
tection of our commerce in time of war, as in addition 
to the before mentioned provisions for safety in the 
form of bulkhead subdivision and me | pump- 
ing capabilities, her great beam and strength would 
enable her to carry and fight a comparatively heavy 
armawent on the upper hurricane and forecastle decks, 
besides discharging broadside and fore-and-aft torpe- 
does. Her spacious decks would also permit of her 
anes several torpedo boats, while protection for her 
machinery, boilers, and the necessary magazines and 
shell rooms can be well afforded by longitudinal and 
transverse coal bunkers. 

The next model in Messrs. Burclay, Curle & Co.'s cul- 
lection to which attention should be drawn is that of 
the well-known screw steamers Alligator, Dromedary, 
and Gorilla, owned by Messrs. G. & J. Burns, and 
running regularly in the passenger trade between 
G! w and Belfast. These vessels are deservedly 

pular with passengers, and seem to fulfill in the 

ighest degree the uirement for the service in which 
they are employed. heir registered dimensions are 
250 ft. by 30 ft. beam and 14 ft. 9 in. depth of hold, be- 
ing fitted with a poop, hurricane deck amidships, and 
a top-gallant forecastle, as will be seen by our illustra- 
tion. The vessels of the Alligator class were specially 
designed to replace the admirable service of paddle 
steamers which the Messrs. Burns ran between the same 
— for many years with great success and remarkable 
miuunity from accident. The model is well put out of 
hand, and conveys an accurate idea of the well propor- 
tioned and skillfully designed form which is a marked 
characteristic of the Belfast liners. Their engines are 
compound surface condensing, with 384¢ in. and 69 in. 
—— and 48 in, stroke, and under favorable con- 
ditions they attain a mean speed on their route of 154¢ 
knots an hour. Being supplied with extensive passen- 
ee cone the owners have very properly 
such precautions for safety as are to be found 
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al watertight bulkheads, and the comfort 
of those who travel by their steamers has been care- 
fally considered in every department. The Hare isa 

ler vessel than those of the Alligator class, oon 
16 ft. by 29 ft. 6 in. and 14 ft. 9 in. depth of hold, an 
she plies on the Royal Mail service in the shorter run 
between Ardrossan and Belfast. She has a speed of 
fourteen knots, which enables her to run with reguiar- 
ity on what is known as the “‘ daylight route” between 
the West of Scotland and North of Ireland. It is 
worthy of remark that the Hare is built substantially, 
of Siemens-Martin steel, and, being almost new, is 
fitted with triple expansion engines having cylinders 
24 in., 88 in., and 58 in. diameter, with a 42 in. stroke, 
her fuel consumption being stated as 1}¢ lb. of Scotch 
coal per indicated horse power rhour. Oar third 
jllastration of Messrs, Barclay, Curle & Co.’s exhibits 
shows the fall-rigged, handsomely finished model of 
the iron serew steam yacht Capercailzie, built by them 
for Mr. John Burns, of Castle Wemyss, Renfrewshire, 
to replace the Jacamar—by the same builders—which 
was recently purchased by the Admiralty and named 
Imogene, for the service of the British ambassador 
at Constantinople. The registered dimensions of the 
Ca ilzie are 192 ft. by 24 ft. by 18 ft. depth of hold, 
a she is fitted with compound engines having 23 in. 
and 42 in. cylinders, with a 30 in. stroke. Her speed is 
1344 knots, with about 100 tons of coal on board and 
fully equipped for sea,on a consumption, it is said, of 
1°89 Ib. per indicated horse power per hour. The yacht 
is of graceful form and is elegantly fitted. 


——— 


in addition 








FORGED CAST STEEL PROJECTILES. 


Iris generally well known that for some time our 
Woolwich authorities have very favorably received 
foreign steel projectiles for experimental and for more 
extended use. Considerable orders have been sent to the 
Continent for projectiles assumed to be of remarkable 

uality, and much to the annoyance of some of our 
Sheffield manufacturers. Our gunnery authorities have, 
however, now a very good knowledge of what the Con- 
tinent can produce, and have now turned their atten- 
tion agaiv to some home manufactures. 

In Mareh last the Admiralty commenced a series of 
trials on board the Nettle with English steel and com- 
pound armor of different kinds, with a view to clearing 
away uncertainty as to the relative values of different 
forms of armor and backing. Other trials have been 
made at Shoeburyness, and some of Hadfield’s forged 
steel projectiles used. Of three of these we give en- 
gravings from photographs, showing their condition 
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HYDROSTATIC DISAPPEARING TURRET. 


OuR readers doubtless remember that we have al- 
ready several times endeavored to impress upon their 
mi the importance of armor-cl turrets in the 
operations of the defense of fortified towns. Now 
such importance, duly stated, has assumed consider- 
able proportions since the first ballistic torpedoes were 
put in service, and since it has been found that there 














after penetrating the armor as follows: The projectile 
marked No. 1 is a 6 in. projectile—Hadfield’s forged 
east steel—and has penetrated a 9 in. compound steel 
plate made in Sheffield, and 3 ft. into timber placed 
behind ; striking velocity, 1,876 ft.; energy, 2,462 foot 
tons. The face of this plate was specially hard, con- 
taining 144 per cent. carbon. This was the first Eng- 
lish projectile that successfully pierced the compound 
armor plates; and although it broke into three pieces, 
as shown, after passing through the plate, this perform- | 
ance was then not reached, or even approached, by 
any other. The projectile No. 2 is a 9°2 in. projectile— 
Hadfield’s unhammered cast steel—and has penetrated 
a 1644 in. Cammell wrought iron armor plate placed | 
behind, making a total penetration of 24% in.; strik- 
ing velocity, 1,780 ft. per second; energy, 9,200 foot 
tons; charge, cocoa powder, 160 lb. The No. 3 pro- 
jectile is a 6 in. projectile—Hadfield’s unhammered cast 
steel—and has passed through an 8 in. Brown wrought 
iron armor plate. It is practically uninjured, having 
only set up y$y in., and could be fired again from the 
same gun; striking energy, 2,500 foot tons. Another 
shell of Hadfield’s steel, which we do not engrave, for it 
remained apparently unaffected by the work it did, 
pierced the same very hard armor. This rather takes | 
away the feeling of satisfaction with the armor which { 
had been expressed, as although the Holtzer projectiles 





HADFIELD’S STEEL PROJECTILES 


failed, the H 


> adfield steel penetrated without the pro- 
jectile brea 


king in the least. This is a most remark- 
able result, and it is very satisfactory to find that after 
all the experimenting with shot and shell made by 
various foreign manufacturers, projectiles of English 
manufacture alone have penetrated the most impene- 
trable armor yet made.—The Engineer. 








of earth and masonry that 


passage 
A very simple 
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HYDROSTATIC DISAPPEARING TURRET. 


are no longer any invulnerable earthworks or masonry. 
There is no longer, it is said, anything but the turret 
that can resist the action of hollow projectiles fired 
under a breaking charge, and this metallic structure 
is an indispensable element of every defensive organi- 
zation. That is true, at least provisionally ; we mean 
until the relative invulnerability of the armor-clad 
turret becomes a fact definitely acquired by experience. 
The turret of the primitive type consists, we have said, 
of a large metallic cylinder resting upon solid masonry 
substructures through the intermedium of a ring of 
rollers analogous to that of a :ailroad turn table. 
Through the play of this arrangement, the cylinder is | 


AFTER 


capable of revoiving around its axis, and its motion 
may be regulated at will. It is covered with a flattish 
metallic cap, and projects but slightly above the mass 
protects it. This upper 
portion of the cylinder contains embrasures to give 








chamber permits of revolving the previously eased-up 
apparatus. The play of this revolving turret is easily 
understood. Standing in a neighboring observatory, 
the artilleryman looks over the ground of the attack. 
He can, at will, slacken, accelerate, or arrest the rotary 
motion, or reverse the direction of it. At the proper 
moment, he fires, and, when this is done, the turret, 
which has + hana y revolved, presents to the enemy the 
entire portion of its carapax, that is to say, that por- 





tion of the cylinder that contains no embrasures, so 
that the latter escape all danger from shots in reply. 

Very well. The trouble is that, however well estab- 
lished it is supposed to be, the projecting portion of 
the metallic cylinder is far from being as invulnerable 
as might be thought, for melinite shells soon perforate 
it. his being the case, military engineers have be- 
lieved it their duty to discard the arrangement involv- 
ing the permanent projection of the upper part of the 
turret and have recourse to the adoption of the princi- 
ple of the eclipse. In this system, the cylinder is capa- 
ble of not only revolving around its axis, but also of 
moving upward and downward. These latter motions 
may be so effected at the will of the operator that the 
emersions shall be but momentary, and that the dura- 
tion of each shall not exceed the limit of the time 
necessary for firing. Searcely have the guns been fired 
when the cylinder descends in its entirety into the 
ground in which its envelope is buried, and thus es- 
capes the projectiles of the eho 

veral types of turrets established upon the princi- 
ple of the eclipse are already distinguished. At pre- 
sent, we shall describe only the apparatus of this 
nature proposed by Colonel Souriau, and which has 
just been elaborated in all its details by Messrs. 
Schneider & Co., of the Creusot works. 

The author had observed that in order to put so 
large a mass as that of a turret in motion it is n 
to have recourse to the use of powerful mechanical 
motors (hydraulic, steam, or electric); that the weight 
to be moved must necessarily be relieved by means of 
counterpoises or hydraulic apparatus; that, in any 
case, the motors employed (steam or hydraulic) can be 
maneuvered only by experienced mechanicians; that 
the recruiting of special men in time of war may pre- 
sent certain difficulties ; that, as regards the mechan- 
ism of the turret, all the parts must be kept constantly 
in order; that it is indispensable to make frequent 
verifications of such perfect state of order ; that conse- 
quently we must admit the necessity of a continuous 
series of making ready for action; and, finally, that 
each of these periodical experiments costs considerable 
money. That being the case, Colonel Souriau decided 
to confine himself to the use of extremely simple me- 
chanisms that could be actuated by manual power ; 
and, under such conditions, the following is the way 
that this officer has solved the problem. 

The construction of the apparatas that he recom- 
mends is based upon the principle of the indifferent 
equilibrium of bodies immersed ina liquid. The ac- 
companying figure represents a hydrostatic turret, T T, 
resting through the intermedium of a cylinder, C, apes 
a plunger, P, which consists of a hollow iron plate 
cylinder immersed in a well filled with water. The 
cylinder, C, which emerges, is, woreover, of such di- 
mensions that it balances the weight of the entire part 
out of water. Hence it follows that but a slight stress 
suffices to produce a vertical motion of the system, and 
that such stress may be exerted by a few arms acting 
upon the winches of a simple mechanism, The im- 
provement in the model elaborated by the Creusot 
engineers requires but four men, and this reduced force 





to the moaths of the guns in battery within. 
mechanism located in the maneuvering 








effects Sere in battery in the space of fifteen 
seconds, and afterward the disappearance of the turret 
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in the same space of time, say altogether half a minute 
for the ascent and descent. 

A few details of organization will not be here out of 
place. 

The whole emergent part, E E, is armor-clad with 
Schneider plates. The same is the case with the top, 
which is divided into segments. The gun chamber, or 
turret properly so called, is protected by a cuirass, A A, 
serving as a lining to the masonry, MM. The turret, 
T, the emergent cylinder, C, and the plunger, P, form, 
asa whole, a rigid system, well guided below by the 
pivot, H, and above by a steel rim adjoining the cui- 
rass, AA. The parts that effect the rotary and upward 
and downward motions are accessible from the floor, p, 
which is stationary, and are maneuvered by one and 
the same set of men. 

The rotary motion is obtained through the play of 
a double-speed windlass, ¢ t, fixed to the lower part of 
the cuirass, A A, and forming part of a vertical pinion, 
r. Through this latter the windlass actuates a toothed 
wheel, d, contiguous to the shell of the turret, and the 
teeth of which remain engaged during the vertical 
motion. 

For lowering the turret, there are used two slides 
jointed to levers, // /, situated in a diametrical plane, 
and which move freely in a channel belonging to the 
cylinder, C. This mechanism is not shown completely 
in the figure, but the representation of the levers ren- 
ders the operation of it sufficiently intelligible. Let us 
observe that it is so combined that the ascensional and 
descensional velocity keeps increasing from the start- 
ing point to the center of the travel, and decreases 
therefrom up to the point of arrival. 

The turret cannot be deprived of its functions 
through the freezing of the water in which the plunger 
is immersed, for, aside from the fact that ice is scarcely 
to be feared at the depth at which the well is situated, 
it is always easy to make a mixture whose freezing 
point is below the lowest temperature that can occur 
in the climate of the region considered. 

As for the armament, that consists of two 6 inch 
guns mounted on carriages which are provided with a 
hydraulic brake and which return antomatically into 
battery. Each gun and its carriage is balanced by a 
plunger arranged like that of the turret. It takes but 
one man to do the maneuvering.—La Nature. 


THE CORINTH (GREECE) SHIP CANAL.* 


One of the most interesting as well as difficult 
engineering undertakings of our times is that of cut- 
ting aship canal through the Isthmus of Corinth, and 
thus opening a new era in the trade relations of the 
whole Levant. This enterprise takes a peculiar inter- 
est to itself from the fact that the idea is such an old 
one, and that it has been left to our day to carry out a 
project which interested the Greek republics and which 
troubled the brain of a Roman emperor. The Isthmus 
of Corinth, which is about three miles wide at its nar- 
rowest place, connecting from time immemorial two 
busy seas, has always provoked the attention of shrewd 
minded men. The old Greeks, with their small flat- 
bottomed boats, quickly conceived the idea of a port- 
age from sea to sea, and they facilitated this by con- 
structing a rude sort of track, along which they drag- 
ged their boats on heavy trucks. The Romans, with 
their larger boats, saw the inconvenience and the waste 
of labor involved in all this, and thought of a cutting 
through the isthmus. We know now that with their 
implements it would have been the most herculean 


labor of antiquity had they carried out the design. | 


Even in our day of gunpowder and dynamite the task 
has proved a most serious one. 

While the canal of the Isthmus of Corinth will be of 
the utmost benefit to Greece, and while all the country 
is most interested in the undertaking, especially King 
George, the whole affair is in the hands of a French 


company. De Lesseps is getting to be a name to con- 
“jure by. The French company that has undertaken 


to pierce the Isthmus of Corinth was organized in 1831, 
under the honorary presidency of M. De Lesseps, and 
with General Turr as president and resident manager 


of the work. The technical name of the company is 
‘Societe Internationale du Canal Maritime de 
Corinthe.” The Greek government gave sanction to 


the undertaking and conceded the land for the canal 
as well as all the uncultivated land on either side of 
the survey, with the single condition that the work 
should be carried through to its completion by the 
company and that the Greek government should 
never be called upon for asubsidy. The actual work 
of digging began with appropriate ceremonies in the 
month of May, 1882. The capital of the company is 
30,000,000 frances. The president, General Turr, is a 
man of great energy. Heis a Pole by birth and fought 
under Garibaldi. 

When the work was begun it was not looked upon 
as a very serious matter, but after several years of dig- 
ging they came upon the solid rock that connects the 
Peloponnesus with the mainland. This proved to be 
a very hard quality of schist or granite, and very soon 
the contractors, who had not reckoned on this, were 
obliged to throw up their contracts and retire. This 
occasioned some delay, but those who had the matter 
in hand, nothing daunted, wade a new estimate and 
secured new contractors, and in February last the 
work began again with renewed vigor. They are now 
(May 1, 1888) making great progress, when we take 
into consideration the difficulties found in the mate- 
rials they are at work upon. They are extracting 7,500 
cubic meters of rock each day. They employ a corps 
2,800 men and fifteen engines, each drawing from sixty 
to seventy trucks. 
the other of the cutting, which stretches exactly 6,300 
meters from sea to sea. The width is forty meters, 
and they intend to go down eight meters below sea 


level, giving the canal the same depth of water as is| 


found in the Suez Canal. But the difficulties of cut- 
ting this canal are much greater than those that were 
found in constructing the Suez Canal. In that case 


it wasa matter of digging out the sand of the desert ; | 


here it is a question of blasting. All night long ex- 
plosions can be heard, and the day is spent in remov- 
ing the debris. Gunpowder is found to be the best for 
blasting purposes and dynamite for shattering the 
rocks. The highest point of the cutting at La Calotte 
is ninety-seven meters above water level. At this point 


*For full description and tilustrations of the work of cutting the 
Corinth Canal see ScienTuric AMERICAN SUPPLEMEN'T, Nos. 425 and 467. 


They are at work from one end to} 


Sr 








the engineers have found their hardest nut to crack. 
On the average they have got down to a point four- 
teen meters above sea level, and hence the task before 
them is to go down through solid granite twenty-two 
meters more for a length of 6,300 meters. It will take 
gg years at a most moderate estimate to accomplish 
this. 

One of the satisfactory things about this work is that 
there is comparatively no sickness among the work- 
men, and the terrible experiences of the Suez under- 
taking and the even more awful ones at Panama are 
not repeated. Of course there are many accidents, as 
there are in any large quarry, and many cases of aimpu- 
tation. But the company has done everything it can to 
care for the sufferers. There is a regularly established 
hospital and a good physician resident. The 2,800 men 
are made up mostly of Montenegrins, Italians, and 
residents of Asia Minor. There are very few Greeks 
employed. As Mr. Rosenbush said, the Greeks are too 
lazy to work, and their highest ambition is to lounge 
around with cigarette in mouth and let others do the 
hard work. This seems to be arather extreme state- 
ment, and your correspondent has seen many indica- 
tions of industry during his investigations in Greeee, 
but it is certainly a telling argument against Greek 
labor when such a large company has to go so far to 
get good workmen. It is true the Greek prefers to 
live by his wits rather than by manual labor, and he 
has no conception of the dignity of such labor. 

At the western end of the canal, on the Gulf of 
Corinth, about two miles north of New Corinth, atown 
of about 3,500 inhabitants, are situated all the large 
| depots and offices of the canal company. Here a new 
town is growing up called [sthmia, and in future will 





New Corinth. The depth of watera short distance 
from the shore is thirty fathoms, and there are no drift- 
ing sands to obstruct the canal or the docks. There 
will be no such difficulty here as is found at Suez. 
sides of the canal will be solid granite, and there will 
be no washing away or necessity of dredging. 
largest docks will be at the eastern end. The tariff of 
the canal will be put down to a low figure, so as to 
eatch all the coasting trade, and it is fully expected 
that, in spite of the great expense of the work, it will 


new debt to French enterprise, and especially to the 
genius of M. De Lesseps, without whose influence this 
difficult piece of engineering would not have been 
undertaken, certainly not without the precedence of 
the Suez Canal. 

The immediate local influence has been that land in 
every direction about the canal has been increasing 
rapidly in value, especially in the town of New Corinth. 
| This growing village is laid out with all the regularity 
| of a Western city, with broad streets and a large park 
in the center. This place certainly has a great future 
before it. In ancient days, especially in Roman times, 
|Corinth was the greatest city in Greece, and its cum- 
;}merce did not flag much behind that of Alexandria 
jand Antioch. Its future promises to far outrival its 

past. The canal company is so desirous of getting rid 

|of the waste granite on hand that the finest building 
|material is at the disposal of any one who will take 
|the trouble to cart it away. Hence, building is going 
on in every direction, and on every vacant plot of 
ground about Corinth one sees large piles of stone await- 
ing the mason’s trowel. The safe thing about it is 
| that there seems to be no danger of overdoing the mat- 
ter. The demand will be greater than the supply for 
years to come. 

The canal is already getting to be a great railroad 
jcenter. Three lines concentrate at New Corinth now, 
and the railway undertakings in Greece are but just 
begun. One railway comes in from the northeast, 
and before many years will be connected with the 
through lines from northern Greece and central 
Europe. Salonica is the only rival of Corinth in that 
direction. Another line comes in from the west, run- 
ning along the northern coast of Peloponnesus from 
Patras, and which will, before many years, be extended 
all along down the western coast of the peninsula. A 
third lines comes in from the south, from Nauplia, 
the first eapital of modern Greece. This line will 
drain the eastern and central portions of the peninsula. 
These railroads have all been completed within the last 








few years. They were built largely with Greek capital, | 


subsidized by the government. The engineering work 
wasin the hands of German and Swiss contractors, 
and has been done in a most substantial fashion. The 
management is Greek, and compares very favorably 
with that of any country in Southern Europe. Corinth 
has suffered much from its bad reputation for unhealth- 
fulness. The guide books have actually slandered it. 
At one time Corinth was a prominent candidate for 
the seat of the Greek government, but had to yield to 
| Athens, the old fhistoric and sentimental center. It 
was claimed at that time that Corinth was malarial. 
This charge was partially true of Old Corinth, situated 
four miles southwest of New Corinth, near the great 
plain stretching away to the southwest. But New 
Corinth has never had a local fever, and the bad repu- 
tation it has acquired is utterly libelous. As to Old 
Corinth, the great increase of cultivation, the opening 
of new districts, has almost entirely banished the 
malarial tendencies. At this season, beautiful vine- 
yards stretch in every direction for miles and miles. 
The small sweet grape cultivated in these vineyards 
is dried in the sun and exported to all parts of the 
| world in immense quantities as the “‘ currant” of com- 
merce, which word, it will be remembered, is simply 
a corruption of “Corinth.” The busy season is 
|in August, when the grape ripens. The value of 
the currants exported annually is about $10,000,000. 
The unique thing about this article of commerce is 
that it has been successfully cultivated in large quanti- 
ties only in this locality, and the most of the so-called 
eurrants from Marseilles and other districts reall 
come from Corinth. Besides this article, Corinth will 
be a great center for the export of olives and olive oil, 
and for cheese, which is used very largely in the manu- 
facture of macaroni. 

But the local trade will be infinitesimal as compared 
| with the great through traffic which will be attracted 
| by the canal. Allof the growing trade of the north- 

eastern part of the Levant will come this way. 
The opening of the canal will save eighteen hours of 
| general discomfort to passenger boats from all the 
| Italian ports en route for Constantinople and Smyrna. 
All the commerce between the Black Sea and the 


probably stretch all along the shore of the isthmus to | 


The | 


The | 


pay well in the end. Certainly the world will have a! 


| western Mediterranean will flow this way. The Greek 
kingdom will reap the greatest benefits from all thig, 
The Greek race has —— been a race of sailors and 
colonists, and the young kingdom has already made q 
strong push ahead in this its traditional line. las 
part of the commerce of the Agean and Black Seas ig 
already in its hands. New steamship companies have 
been established and are plying in all directionr. The 
Greek steamers that run from Patras to Corfu and 
Brindisi are clean and fast boats. Thus the commer. 
cial and traveling public will watch with the greatest 
interest the completion of this new artery of the 
world’s life. Three years and possibly four must 
intervene before the throb of a new vigor wil] 
animate this ancient isthmus and more than restore 
to it its former prestige. In the meantime the Greek 
kingdom will have opened out more fully and will 
have learned how to profit by this windfall ; for this 
little nation could never have undertaken such an 
engineering work and carried it through to success by 
its own power. In taking up this enterprise and earry- 
ing it to a successful issue, the West is but paying a 
smail portion of that immense debt it owes to the 
genius of the forefathers of the modern Greeks.—Corve, 
NV. Y. Tribune. 





METHOD OF INSERTING AND SECURING 
CRANK PINS.* 


SoME time since, in making some experimental ma- 
chinery, it was found desirable to use a crank shaft in 
which the crank pin could be changed, sometimes using 
8 inches throw and sometimes using 12 inches throw. 
That is, in a part of the experiment, the piston, which 
was 14 inches diameter and loaded to 250 pounds to the 
square inch, would have a stroke of 24 inches ; then it 
would be changed to 16 inches, these changes being 
made a nuinber of times. 

It will be seen that with this pressure, whatever 
method of securing the crank pin might be adopted, it 
must be one which, when the pin was in place, must 
be practically unyielding and not liable to work loose ; 
at the same time it should be one which would allow of 
easy removal of the pin without injury to either crank 
or pin. 

The plan which was adopted will be readily under- 
stood by reference to the accompanying sketch. 

















The holes in the crank, D, were bored taper ; largest 
|at the back side. The bush, B, was also bored taper, 
and turned on the outside to fit the taper hole in the 
| crank, so as to bring the edge to within about yy inch 
|of the front face of the crank. In fitting this bush, 
the taper hole in the crank was scraped so as to insure 
| the absolute truth of crank pin in relation to the shaft. 
| The pin, A, was then turned and fitted to the bush, B, 
|so that the shoulder should be at the same distance 
| from the edge of the bush that the face of the crank 
| was, Viz., 4 inch. The bush was then cut from end to 
end, so as to give it a chance to expand or contract, 
and it thus became a circular wedge between the 
erank and the pin. The end of the crank pin is fitted 
into the nut, C, care being taken that the thread is a 
| good fit. It is better not to make pitch of the thread 
| too coarse, 

Now insert the pin, A, and place the circular wedge, 
| B, in at the back between the pin and crank, and force 
it well home by means of the nut, and you have a pin 
as rigid as if it had been put in by means of shrinking, 
or forced in by hydraulic pressure, and yet one easily 
removed without injury either to pin or crank. 

This particular pin was never subject to a continuoug 
test in running, but it showed, under a variety of trials, 
that it would stand upto its work without fault. 

I believe that this method employed on built-up 
double crank would be of great utility, especially 
where for any cause crank pins have to be renewed.— 
Boston Jour. Com. 








PROTECTING IRON AGAINST CORROSION. 
By H. Haupt, Philadelphia. 


For a period of more than ten years experiments have 
been made under the auspices of the Hydrogen Com- 
pany of the United States to discover a simple, eco- 
nomical, and practical method of protecting iron and 
steel from all ordinary corrosive influences. A large 
number of patents were secured, and about $100,000 
expended in the erection of plants at Washington, D. C., 
Newburg on the Hudson, and New York, and some of 
the results were of the most satisfactory character. 
Iron that had been treated by the processes referred to 
effectually resisted the action of nitro-muriatic acid 
and other severe tests to which it was subjected, while 
untreated iron was immediately attacked by the acids, 
and quickly destroyed. But although many of the 
specimens thus treated gave very satisfactory results, 
others proved defective, and it became apparent to the 
contributors to the funds that the exact conditions as 
regards temperature, quality, and quantity of material 
employed and duration of treatment had not been so 
accurately determined that results could be duplicated 
with unerring certainty—an essential condition without 
which no process could ever be made a commercial suc- 
cess 


This explanation has been considered necessary to 


* Presented at the meeting of the American Society of Mechanical En- 
gineers, at Nashville, Tenn,, 1888, by C, C, Collins, Newark, N. J. 
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account for the fact that an industry which promised 
results of such extraordinary value to the public and 
to the parties financially interested should have been 
allowed to linger until the greater portion of the life 
of the original patents had expired. But persistency 
has at last been rewarded with success. The company 
sueceeded in securing the services of a thoroughly prac- 
tical and scientific engineer, chemist, and metallurgist, 
Dr. Geo. W. Gesner, who was enabled to discern the 
defects of former treatments and to remedy them suc- 
cessfully by new apparatus and processes, which have 
recently been patented, so that while the old patents 
are still held by the company, they have to a great ex- 
tent been superseded by more recent issues under which 
operations now are and will hereafter be conducted. 
the former treatment consisted in placing the articles 
to be operated upon ip a close chamber, similar to a 
gas retort, and when heated to a temperature of about 
1,200° Fahr., steam superheated in a separate furnace 
was introduced, followed by naphtha or other hydro- 
carbon vapor. 

The results, as previously stated, were not always 
uniform, and when satisfactory, could not be dupli- 
cated under former management with certainty as to 
the result. All this is now changed, and the results 
areso uniform and certain that, with a few hours of 
instruction in the manipulation of the apparatus, an 
ordinary laborer, with no technical education, and with 
average intelligence, can secure results with entire 
uniformity. Dr. Gesner soon discerned that one of the 
chief defects in the former treatment arose from the 
fact that the steam superheated in a separate furnace 
and conducted by pipes into the retort was invariably 
cooled to the extent of several hundred degrees before 
admission, and came in contact with the heated iron 
ata much lower temperature. To remedy this defect 
and insure absolute uniformity of temperature between 
the iron and the superheated steam at the instant of 
contact, a peculiar but very simple form of superheater 
was devised and inserted in the retort itself. The re- 
sult was entirely satisfactory, and after a number of 
experiments by him to determine the conditions neces- 
sary to insure the best treatment, the works were 
turned over to an employe, who has since operated 


opened contain no free gases, neither hydrogen, oxy- 
gen, nor carbonic oxide. As these gases are oaoumagll 
formed, their disappearance can only be explained on 
the theory that they have combined with the iron, 
forming the three compounds of superoxide, plumbago, 
and the —e of hydrogen and iron for which Profes- 
sor Gesner has proposed the name of hydron. The 
plant now in operation at Port Chester has been de- 
signed simply for cast iron soil pipe, but Professor Ges- 
ner is preparing plans for a more extensive plant for 
the treatment of wrought iron and steel, to be ereeted 
at South Brooklyn. In the application of this process 
each specialty will require a plant adapted to it, and a 
series of experiments to determine the exact conditions 
as to yy open quantity, kind, duration, ete., to 
secure the best results, after which they can be dupli- 
cated indefinitely with any ordinary intelligence. The 
question is often asked, What is the effect of this treat- 
ment upon the tensile strength of the material? This 
ean only be answered by direct tests, but if the new 
material should not possess the tensile strength of the 
untreated iron, as in wires or rods, compensation can 
be secured by a slight increase in diameter. It is cer- 
tain that in some specimens the treatment has increased 
the toughness and strength by the annealing process 
to which the material is subjected. Sheet iron of poor 
quality, that would break by bending, has been ren- 
dered tough and pliable. The cost of the process is 
said to be about one-fourth of that of galvanizing, 
while the durability under similar conditions promises 
to be greatly extended. 





THE WORRELL SAND DRIER. 


THIS apparatus consists of a cylinder of steel plate, 
inclosed in a brick furnace. On each end of the cylin- 
der is a cast iron flange with a half round rim, and 
motion is given to the cylinder by chilled friction 
wheels acting against these flanges. The friction 
wheels, as will be seen, are operated by link belts from 
a single countershaft overhead. The wheels at the far 
end of the cylinder are swung between upright posts, 
by two lifting screws, in order to vary the, inclination 














THE WORRELL SAND 


them with uniform results. The plant now in opera- 
tion is located at East Port Chester, near the extensive 
foundry of Abendroth Brothers, and consists of twelve 
vertical retorts with a capacity for the treatment of 
about 20 tons per day of the Gesner sanitary soil pipe. 
The time required for each charge is about two hours. 
The Process.—After the pipes have been lowered into 
the retorts by means of a traveler, the retorts are closed 
for about fifteen minutes until the contents are heated 
to the proper temperature. Steam from a boiler at 
sixty pounds pressure is then introduced into the super- 
heater, which it traverses, and from which it escapes at 
the temperature of the iron, upon which it acts for 
about one hour. A measured quantity of some hydro- 
carbon is then admitted with a jet of steam, followed 
again by a fixing bath of superheated steam, which 
completes the process. The most extraordinary feature 
of the operation is that, as Professor Gesner positively 
asserts, there is no pressure in the retort and no free 
explosive gases. The water seals attached to the re- 
torts show only slight oscillations, but not an inch of 
pressure, and when the covers are removed and air ad- 
titted, there is no explosion, as there always is when 
free hydrogen or carbonic oxide are present, and as 
there always was before Professor Gesner took charge. 
The absence of pressure and of explosive gases is a 
proof that all the operations have been so nicely regu- 
ated as regards material used, quantity, and time of 
application, that a perfect absorption and union of the 
carbon, oxygen, and hydrogen with the iron has been 
effected. The protection thus afforded to the iron is 
hot a mere coating, like paint, but an actual conver- 
sion, to a greater or less depth, into a new material, 
just as, in the process of casehardening, iron is con- 
verted into steel. When properly treated, this mate- 
rial does not seem to be detachable by pounding, bend- 
ing. hammering, rolling, or heating. The pipes treated 
at Port Chester have been immersed in baths of dilute 
sulphuric acid and exposed to the salt air for weeks 
ee change, while untreated wwe were quickly 
_— with red oxide or with sulphate of iron. 
Pree smnet cheenionl composition of the material pro- 
by P y this treatment has not been reported upon 
y Professor Gesner, but it is probably a carbide, hy- 








Sate, and superoxide of iron. This would seem to be 
necessary result, if, as is stated, the retorts when 
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DRIER. 


of the cylinder, by which the flow of the sand through 


driers with an ordinary railroad stove drier, and is the 
result of actual experiment : 
Railroad stove Worrell’s No, 3 
drier, drying machine, 
Pounds of: wet sand dried 





and sereened per hour 675 16,000 
Pounds common soft coal 

consumed per hour... 24 180 
Pounds water dried out 

per pound coal burned 1 815 
Average percentage of wa- 

ter in the two different 

ERR LT Te - 0°035 0°093 
Men’s labor required...... 1 3 

Expense of drying one ton of sand : 

Cost of labor at 15 cents per 

Nn ct0cngncbhseennsenes $0.054¢ 
Cost of coal at 1244 cents pe 

ere: eee cre =o A gy 084g 
Cost of steam motive power.... .. . 08 
Cost of interest, repairs, and 

depreciation... ............ 02 .02 
BON a+ cpncaccccacssacs ere oe 80.5775 $0.14 


Further particulars with regard to this machine can 
be obtained from the maker and patentee, 8. E. 
Worrell, Hannibal, Mo. 








WATER GAS AS USED FOR METALLURGICAL 
PURPOSES.* 


SoME years ago a paper was submitted to this Insti- 
tute on apparatus for making water gas, by Messrs. 
Lowe & Strong. Since then, however, great improve- 
ments have been effected, principally by German en- 
gineers, so that the plant is now extremely simple and 
durable. Before entering upon the construction of the 
improved apparatus which is now used in Europe in 
the generation of water gas, a pause may be wade to 
consider the reactions which are involved in passing 
steam through a mass of incandescent carbon. Steam, 
in passing through red hot carbon, produces a mixture 
of carbonie acid, carbonic oxide, and hydrogen, in 
which mixture the proportion of carbonic acid varies 
according to the temperature of the mass of heated 
carbon when the steam is passing through it. If this 
temperature is high enough, there is no carbonie acid 
produced at all, only carbonie oxide and hydrogen, so 
that the water gas which is obtained is composed the- 
oretically as under : 


By volume. By weight. 
CO, 50 per cent.....02-.s000 coeee 94 per cent. 
ey ON OO 6 <0 v9 0 ccs paceens 6 per cent. 


As the temperature decreases, the proportion of car- 
boniec acid increases, while the proportion of carbonic 
oxide in like manner decreases, so that finally the re- 
— would be the production of a gas cowposed as 
under: 


By volume. By weight. 
COs, SB pew: Cambs... cccccsscceceses 92 per cent. 
Be SE GOB inc kcictesana, 00000 8 per cent. 


Jarbonic acid passed through carbon begins to be de- 
composed into carbonic oxide at a temperature of 550° 
C.; and at a temperature of 950° GC. the production of 
oxide rises to 94 per cent., while at 1,000° C. the trans- 
formation is completely obtained. Similar results are 
realized on passing steam through incandescent coke ; 
at a temperature of 500° C. its decomposition to hydro- 
gen and carbonic acid is complete. | 1,000° C. to 
1,200° C. the carbonic acid is converted into carbonic 
oxide. 

The whole reaction is, therefore, as follows: The de- 
composition of steam produces hydrogen and carbonic 
acid, and by continued contact with the incandescent 
coke, the carbonic acid is transformed into carbonic 
oxide. It may be stated that a cubic meter of water 
gas develops in round numbers 3,000 cals. Theoretically, 
the temperature produced is 2,839° C. Combustion of 
the carbonic oxide to carbonic acid causes 3,021 cals., 
that of the hydrogen 2,649 cals. The first figure there- 





it is regulated. These friction wheels are carried on 
Babbitt bearings. A balanced sliding gate closes the | 
elliptical opening in the end of furnace in which the | 
cylinder moves up and down. The sectional view | 
shows steel angle troughs riveted to the interior of the | 
eylinder. These extend the whole length, and not only | 
aid to distribute the sand, but also add to the stiffness | 
and heating surface of the cylinder. A large exhaust 
fan draws air through the cylinder from the far end 
and discharges outdoors. A spiral iron conveyer lead- 
ing from the draining bins brings the sand to the cylin- 
der, into which it is fed through the conical spout 
shown in the engraving. It will be seen that the far | 
end of the cylinder is perforated to screen the sand | 
after it is dried, thus combining the two operations of 
drying and screening. 

n operation the wet sand is fed through the spout 
shown into the cylinder, and is repeatedly taken up 
by the troughs and poured out again in a number of 
thin streams, while the air not only passes between 
the streams, but, owing to the rotation of the cylinder, 
the current passes through the streams of sand spirally, 
so that the sand is very thoroughly exposed to the heat- 
ed air in its passage. It is claimed further that by this | 
arrangement the temperature of the material drying is | 
kept so low as to permit of the use of this apparatus | 
for drying grain without scorching it. This machine | 
embodies in a very simple manner the three absolute | 
requirements of economical drying, namely, roe of | 
air, a great amount of heating surface, and a direct ap- | 
plication of the heat. It has been in use in different | 
parts of the country for six years and is highly spoken 
of. Several sizes are made, and some modifications 
are used for drying very wet products and fibrous 
materials. 

A machine has been recently set up for the Milling- 
ton White Sand Co., of Chicago. This sand is mostly 
used for making glass, and is first thoroughly washed, 
and after draining 24 hours, it retains nearly 10 per 
cent. by weight of moisture. Locomotive sand would 
ordinarily not carry more than one-third as much mois- 
ture. This machine was guaranteed to handle not less 
than 4 tons per hour, and has lately been drying twice 
that amount, even while thesand was frozen. The fol- 
lowing table compares the performance of one of these 














fore constitutes a mean between the others. In regard to 
this, it may be mentioned that the figures given for 
the first and the third of these temperatures are evi- 
dently exaggerated. The slight inaccuracy must be at- 
tributed to the supposition that, while at these high 
temperatures, the specific heat remains constant in the 
case of steam, as in the case of carbonic oxide ; but this 
cannot be the case, at least as far as steam is concerned, 
seeing that the experiments of MM. Langen and Mayer 
have proved that with this vapor dissociation com- 
mences at 1,200° C., while with carbonic oxide no change 
is perceptible even at a temperature of 1,690° C. A 
word should be said about a reaction which occurs also 
in the manufacture of water gas, viz., that of carbonic 
oxide on steam. In heating a mixture of carbonic oxide 
and steam, a reaction is set up (according to the ex- 
periments of Professors Nauman and Pistor) on car- 
bonie oxide, which begins at a temperature of about 

’ ©., and produces carbonic acid and hydrogen. 
With an augmented temperature this reaction increases, 
so that at 900° C. there is produced 10 per cent. of car- 
bonie acid. According to experiments made at Essen 
in the water gas generator, where ordinary steam was 
replaced by a mixture of water gas and steam, and the 
mixture then passed through the generator at a high 
temperature, the whole of the carbonic oxide contained 
in the water gas was finally reduced to carbonic acid. 
As one kilo. of oxygen, in reducing carbonic oxide to 
earbonic acid, gives more heat than when it is employed 
with hydrogen to form water, the operation which we 
have described is accompanied by an evolution of 
heat. 

It will now be seen how these facts, derived from ex- 
periments, can be practically utilized. In all water 
gas apparatus the principal part consists of a genera- 
tor, in which the fuel, by the aid of an air blast, is 
raised toa high temperature, to be afterward cooled 
by a jet of steam for the production of water gas. Dur- 
ing the heating up by means of the blower, Siemens or 
generator gas is produced, while the cooling effected by 
the steam produces water gas. The characteristic, 
therefore, of the water.gas generator consists in pro- 


* A paper read by Mr. A. Wilson, before the Iron and Steel Institate, 
on May 9, 1888.—Jndustries. 
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ducing alternatel 
ing to the use whieh it is desired to make of the Siemens 
gas, the fuel which is used, and the manner of passing 
the steam or passing the air, or vice versa, there has 
arisen a combination of apparatus of different construc- 
tion. A deseription will be given of one among these. 
At the beginning of the operation the gas is entirely 
free from carbonic acid and steam. In proportion as 
the mass of combustible is cooled, the gas acquires a 
larger quantity of one or the other. The passage of 
1,100 liters of gag into a condenser yields 24 cm, of 
water, which is equivalent to 4 per cent. by weight 
The fuel employed by preference in Germany is the 
smnall coke easily obtained from the residue of the fires 
of puddling or heating furnaces, or coke obtained di- 
rectly from coke ovens or gas works. 





Qndustrics 


a. 1, 


In any case, the percentage of ash varies from 10 per 
cent. to 30 per cent.; frequently it is from 15 per cent. to 
20 percent. It isdesirable, then, to construct the gener- 
ating apparatus in a form from which large quantities of 


cinders may be easily withdrawn,and to make it durable. | 


This problem has been resolved by the adoption, in the 
lower part of the generator, of a water ring, which ob- 
viates the use of a grate, and protects that part most 
. exposed to heat and to destruction by the slag. This 
water ring is arranged so that beneath it there is an 
open annular space, round which the air enters during 
the blowing operation. It is also by this that thé 
water gas escapes which is produced by the next pro- 
cess. The slag is thus deposited on the conical surface 
of the fuel, in a covering which extends up to the open- 
ing of the water ring, and the cinders may be easily 
withdrawn by means of four cleaning doors. The 
cleaning out is done every six hours, and occupies from 
fifteen to thirty minutes, according to the quantity of 
einder produced. In blowing in the air,the cold blast ar- 
rives against the surface of the lower part of the ring and 
cools it, and so carries away the radiant heat thrown off 
at the bottom. This radiant heat, further, only exists, 
or has no importance, except just after cleaning, when 
theslags which have been deposited have been removed. 
The almost immediate formation of a new layer of 
cinder or slag then prevents much loss by radiation. 



























































The matter is different during the operation of gas 
making; the water gas escaping at a temperature of 
from 1,200° C. to 1,500° C. imparts its heat to the lower 
part of the water ring, and this is carried off by the 
cooling water ; but this quantity of heat would in any 
case be lost, seeing that it must be disposed of before 
the entrance of the gas into the gas balion 

It matters little, therefore, whether this abstraction 
is commenced by the water ring or whether it is effect- 
ed entirely in the scrubber. The first water gas plant 
successfully put to work for practical use in Europe 
was erected by Messrs. Schulz, Knaudt & Co., at Essen, 
and consisted of two generators, each capable of pro- 


———y 





Siemens gas and water gas. Accord- | ducing 10,000 ft. of water gas per hour. These genera- 


| tors are about 6 ft. 6 in. external diameter by 18 ft. 
| high. The gas, on leaving the scrubber, passes by a 
cast iron pipe to a gas holder of about 40 ft. diameter, 
and situated about fifty yards from the generator 
house. From this holder the gas is led away by mains 
to the various welding furnaces ; and another portion 
is taken from the holder expressly for lighting purposes, 
and this portion only is passed through the purifier to 
remove carbonie acid and sulphur compounds. The 
generation of the gas is so rapid that, when the steam 
is passed into the fuel, the holder rises some feet at 
| one operation, and may easily be observed to be rapidly 
ascending. As tothe other details of the apparatus 
which is at work at Essen, in the works of Messrs. 
Schulz, Knaudt & Co., it should be stated that it was 
constructed on the system of Strong’s patent, at least 
so far as concerns the employment of a double regen- 
erator, heated by the hot gas which escapes when the 
air is blown in, intended to superheat the steam serv- 
ing for the production of water gas. And this steam 
did not pass through the incandescent mass of coke 
lexcept in a superheated state. In working the ap- 
| paratus it was soon found that the complete combus- 
|tion of the Siemens gas had a tendency to cause a rapid 
| destruction of the bricks in the regenerator, and this 
| not only on account of the very high temperature, but 
also on account of the cindery dust—the combustible 
containing as much as 25 per cent. of ash. 

When this was ascertained, the top supply of air to 
the regenerator was stopped, and the regenerator 
chambers were only heated by the sensible heat in the 
Siemens gas; that is to say, to a temperature of about 
500° C. In eonsequence of this, the steam was not 
highly superheated, but the consumption of fuel did 
not increase in the proportion which had been feared ; 
further, the yield of the apparatus increased to a not- 
able degree, because the quantity of air furnished by 
the blower, instead of being divided into two parts, for 
the top supply and the bottom supply, was entirely util- 
ized for the latter, and the heating did not require more 
than half the time previously employed. This had the 
effect of doubling the production of water gas, 7. ¢., a 
production which at first not being more than 120 cb. mn. 
per hour, rose to 250 cb. m. to 300 cb, m. per hour, with- 
out any sensible increase in the consumption of fuel. 
After being transformed to gas by the action of the 
fuel, of which the lowest part is heated’ to whiteness, 
while the upper part is of a dull red, the steam passes 
by way of the first named portion through a hydraulic 
| lute communicating with a coke serubber. Cooled in 
| this manner, the gas enters the gas holder. 

to prevent any danger of the blast passing by leakage 
|along with the gas, an ingenious and highly successful 





|slide valve was introduced by Mr. Blass, of Essen. 
The construction of this is indicated on diagram, Fig. 
1, by which it will be observed to consist of a D valve, 
|sliding on three ports, and provided with an open 
| water trough to keep it cool; while in the face of the 
valve between the ports grooves are cut, so that any 
leakage of air or gas respectively must pass to the at- 
|imosphere instead of forming mixtures in the pipes, 
| which might prove dangerous. When once the charge 
is heated up, the steam is adinitted for the production 
of water gas for about five minutes, when the valves 
are reversed simultaneously, and the charge is blown 
up to restore heat during about ten minutes, the vari- 
ous movements of the apparatus being all controlled 
in aconvenient manner by one lever or hand wheel. 
Owing to this construction the generator is converted 
into a machine, and for three years its mechanism has 
worked with perfect regularity, while the repairs need- 
ed by the brick lining have been of a most trifling de- 
scription. Employing ten minutes for blowing up, and 
five minutes for the manufacture of water gas, each 
generator produces from 250 to 300 cub. m. per hour. 
The carbonic acid never exceeds 4 per cent., so that the 
final result is a gas composed of 5 per cent. nitrogen, 
4 per cent. carbonic acid, 41 per cent. carbonic oxide, 
and 50 per cent. hydrogen. The next plant put to 
work was erected at the Witkowitz iron and steel 
works, in Austria, and consisted at first of two gen- 
erators, each capable of making 20,000 ft. of water gas 
per hour (the construction of these is indicated by Figs. 
2 and 3), also the necessary scrubber and gas holder. 
In this case the water gas is used for driving open 
hearth steel melting furnaces, and for lighting the 
works on the incandescent system, which will be shortly 
described, while the generator gas is used for firing the 
boilers. As regards the construction of the steel melt- 
ing furnaces, it may be observed that only two regen- 
erator chambers, instead of four, are employed, and 
this arrangement tends to simplify the construction of 
the furnace, and reduce the wear and tear and first 
cost. With only one pair of regenerators, which are 
used for heating the air, the temperature is so high 
that very great rapidity is attained in working, no less 
than five charges being got out in twenty-four hours, 
with a proportion of scrap of less than one-third. Five 
hundred cubic meters (=17,655 cub. ft.) of water gas is 
used per ton of ingots; and the manager, Mr. J. Lan- 
ger, expresses himself as convinced that there is a 
great advantage in using water gas for steel melting, 
always provided that the generator gas which is pro- 
duced at the same time is employed for boiler firing or 
similar purposes. 

There is no doubt that, if the furnaces were ofa 
larger size, such as are generally used in this country, 
say working from ten to twenty ton charges, the con- 
sumption would be very much smaller. Water gas is 
also eee at Witkowitz for heating the billet fur- 
naces, the consumption being 270 cub. mi. (= 10,000 enb. 
ft.) per ton of steel billets rolled. At Witkowitz the 
fuel used is small coke, and the water gas produced 
amounts to about 33,000 cub. ft. per ton of fuel, along 
with about 130,000 cub. ft. of generator gas, which, as 
before mentioned, is used for firing boilers. At Hoerde, 
a very extensive water gas plant has been erected by 
Mr. Massenez, who intends to use the water gas generally 
| for melting and heating, also for lighting the works, 
and the generator gas for boiler firing. 

A similar plant has been erected by Mr. Sampson 
Fox, at the Leeds Forge Company’s works, for welding 
flues and illuminating. A smaller generator, for the 
production of about 2,000 ft. of water gas per hour, is 
shown in Fig. 4. As this is designed particularly for 
lighting purposes, the greatest simplicity was aimed at 
in its design. The draught is obtained by asmall steam 
jet exhauster sucking out at the top, and this combina- 
tion possesses the following advantages: During the 
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blowing up it is impossible for the air to pass the hy. 
draulie seal and escape to the gas holder, this seal be. 
ing sufficiently heavy to resist the suction without ma- 
terially augmenting the back pressure during the 
manufacture of gas ; the suction also allows of the ex. 
traction of ashes during the heating up without work 
being stop > 

The small opening through which the charging js 
done serves alternately for the chimney. A plate pro. 
vided with three openings radiating from a pivot ig 
turned by means of a hand wheel into three given posi- 
tions. In the first there isa chimney provided with the 
aspirator, in the second there is a charging hopper, 
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‘and in the third there isa cover plate. To work the 
apparatus, therefore, the attendant has nothing to do 
but to turn his wheel to right or to left during intervals 
| whieh are exactly determined by experience, or, more 
particularly, by analysis. This apparatus consumes 
\3 lb. of coke, containing 14 per cent. of ash and 5 per 
lecent. of water, in making 35 cub. ft. of gas. There is 
| ineluded in this figure such coke asis uselessly consuined 
during the night. The blowing up is continued ten 
| minutes, after which the manufacture of gas occupies 
| five minutes ; the quantity of water used by the water 
| cooling ring is about 750 gallons per day of twenty-four 
j}hours. It should also be mentioned that the water 
|runs during the night as well as when the gas is being 
| made. 

| The first generator of this size was erected by Mr. 
| Pintsch, whose name is well known in connection with 
| railway carriage lighting, and it is used for illuminat- 
ing his works at Furstenwald, near Berlin, as well as 
| the railway station adjoining, with all the signal lainps, 
jete. Another of the same size has been erected by the 
author at Stafford, and may be seen at work any time. 
It should also be mentioned that water gas plants 
are successfully at work at the Terni Steel Works, in 
Italy, and in iis engineering shops of Messrs. Sulzer 
Brothers, Winterthur, Switzerland. Water gas is 
made in America almost exclusively for lighting by car- 
buration. In Europe this has not been se ont, ghd 
on account of the price of petroleum refuse. In the 
first apparatus constructed in Germany there was no 
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object in view but the production of heating gas for 
metallurgical work, or that which limited its employ- 
ment to heating and melting purposes. It was then 
found that the water gas burnt without an excess of 
air, and produced so high a temperature that a plati- 
num wire was melted by being placed in the open 
flame ; this corresponds to a temperature of 1,700° C.— 
|the highest temperature recorded by Rosetti with a 
Bunsen burner using coal gas being only 1,350° ("Annual 
Report of Chemical Technology, 1887”), a heat which 
does not approach that of water gas. According to the 
experiments of Aime Witz (‘‘ Annals of Chemistry and 
Physies”), lighting gas only develops 4,000 cals. to 5,000 
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cals. instead of 6,000 cals., as before supposed. It accrues 
from this, that this gas, owing to the rapidity of its 
combustion, has a reduced flame area, and consequently 
is less cooled on the surface by radiation. A flame of 
ordinary gas, with the same speed of consumption, pos- 
sesses a surface six times as large as the water gas flame ; 
and although a cubic meter of lighting gas produces 
theoretically double the heat by its combustion, the 
temperature of the flame is at the same time much less. 
Thus, in a small trial furnace, Bessemer steel was easily 
melted by water gas and cold air, and poured out ina 
perfectly fluid state. ’ rts : 

But the best proof which it is possible to have of 
the high temperature of water gas is found in the 
incandescent magnesia light on Fahnejelm’s system. 
This constitutes the very best system of gas light- 
ing by ineandescence, and it may be described as 
follows: The flame heats a comb, composed of little 
magnesia rods, to.whiteness, producing a light superior 
to the incandescent electric light, but without having 
the bluish tinge of the are lamp, and consequently re- 
sembling more nearly the splendor of sunshine than 
any other existing system of lighting. This light pos- 
sesses, besides, the advantage of absolute steadiness. 
This follows from the circumstance of having a certain 
mass of matter in an incandescent state, requiring an 
appreciable time to cool it and to effect a variation in 
the power of the light, and consequently prevent- 
ing any irregularity in the luminosity of the flame. 
In order to obtain the same quantity of light by 
this system, it is necessary to consume the same 
quantity of gas as of coal gas. With a consump- 
tion of 150 liters per hour (= 5°38 cub. ft.), a magnesia 
comb gives at first a photometric power of from 
20 to 22 candles ; after fifty hours it gives but 15 candles ; 
and after one hundred hours only 10. The combs cost 
14d. each, so that their consumption amounts to 
about one farthing per hour, and per cubic meter of 
gas consumed the price amounts to one pfenning (1°25 
centimes), equal to 23d. per 1,000 cub. ft. The mag- 
nesia comb is supported by a wire, slipped into a 
socket on the earrier of an ordinary gas bracket. The 
burners used are exactly the same as those used for 
town gas, and so are the globes and all the fittings con- 
cerned. 

In substituting lighting by incandescence with 
water gas, therefore, no changes whatever are neces- 
sary in the existing pipes and gas fittings. The mag- 
nesia combs, being quite loose, may be removed and 
replaced in a moment. As before mentioned, this sys- 
tem of lighting has been adopted with great success at 
several large works on the Continent, and it is also 
largely used in America; and seeing that it offers a 
convenient and beautiful means of illuminating, pos- 
sessing the convenience of town gas with the brilliancy 
of the electric light, at less than half the cost of either, 
it must commend itself for adoption in this country 
also. On these grounds, it was thought by the author 
that some mention of this system of lighting in con- 
nection with this paper would be of interest to the 
members of the Institute, although perhaps the sub- 
ject possesses the greatest importance to those present 
from a metallurgical standpoint. 

It may be well, before concluding, to revert shortly 
to the economic aspect of the question of the use of 
water gas in large quantities for steel melting and such 
purposes, as compared with the cost of the gaseous fuel 
at present generally used for the same purposes. The 
most approved and economical types of generator for 
making producer gas are worked by a mixture of air 
and steam, and make in reality a mixture of producer 
and water gas simultaneously. The water gas generat- 
ors are alternately worked by air by itself to make pro- 
ducer gas, and then by steam by itself producing 
water gas; thus the same gases are ultimately pro- 
duced by each system, but in the water gas plant they 
are separated. , 

As the cost of the fuel and attendance is about the 
same in each case, as is also the loss of heat by external 
radiation, there can be no material difference in the 
value of the heating gases produced by either system, 
at a given cost for fuel and otherwise; thus in the 
manufacture of water gas, when this is averaged to- 
gether with the producer gas necessarily generated in 
the operation, the cost of the water gas is, as demon- 
strated below, practically the same as that of the 
mixture known as generator or producer gas; and it 
cannot, therefore, be more expensive to use water gas 
for any operation than producer gas, when the value of 
the latter, also produced by the water gas plant, is 
credited, as it can be in any works where there are 
boilers, ete., to be fired. At the same time the separa- 
tion of these gases, so as to have the water gas by itself, 
has very important collateral advantages and econo- 
mies which are of great value. In the manufacture of 
water gas, if the water gas and the producer gas, also 
made separately, are subsequently mixed, the analysis 
of the mixture is substantially almost identical with 
producer gas made in the best and most economical 
manner, thus proving that the heating value of the gas 
made from the fuel is the same by each system, and the 
value received practically equal. Producer gas: One 
ton of slack coal, at 5s. 6d. per ton, yields of this gas 
about 150,000 cub. ft., equals per 1,000 cub. ft. 0°44d., 
or slightly under one-half penny per 1,000. Water gas : 
One ton of inferior coke, at 6s. 3d. per ton, yields of this 
55,000 cub. ft. of pure water gas, and about 140,000 cub. 
ft. of generator gas equals 175,000 cub. ft., equals per 
1,000 cub. it. of the whole of the gas produced 0°43d., or 
slightly under one halfpenny per 1,000. The cost of 
steam raising and labor is the same in each system for 
the same analysis of mixed gases. 


SIR WILLIAM THOMSON’S COMPOSITE 
ELECTRIC BALANCE. 


By THomas Gray, B.Se. 


A NEW form of electric balance has recently been in- 
troduced by Sir William Thomson, which can be 
adapted either for the measurement of volts, of am- 
peres, or of watts. In the forms hitherto made, the 
range for current is from ,5 of an ampere to 500 am- 
peres for continuous currents, and from ,, of an am- 
pere to 250 amperes for alternating currents. The 
range for volts is, as in all such instruments, only lim- 
ited upward by the resistance available; but, as the 
resistance of the potential coils is about 40 ohms, the 
lowest potential which can be accurately measured is 
about 1 volt, These coils are of copper wire, and, in 





consequence of the high temperature variation of that 
metal, very high accuracy is not attainable for such 
low potentials as necessitates the use of the balance 
without any resistance in its circuit external to its coils. 
Potentials of from 10 volts upward may, however, be 
measured with almost perfect accuracy with this in- 
struwent by introducing sufficient non-inductive re- 
sistance of platinoig or German silver wire into the 
circuit. For the measurement of potentials on alter- 
nate current systems there should be at least 500 ohms 
of non-inductive resistance in the circuit. 

The general form and construction of the balance 
will be better understood by reference to Fig. 1. Two 
coils of silk-covered copper wire, A B, made in the 
shape of anchor rings, are fixed to the two ends 
of a light aluminum frame, C, which forms the beam 
of the balance. This beam issuspended in such a way 
that the planes of the coils are approximately horizon- 
tal, by two flat ligaments, one of which is shown at 
D, consisting of twenty copper wires, each about ;5 
mmm. diameter. The suspension ligaments are about 
15 cm. long, and are attached at their lower ends to two 
insulated brass tubes, carried on a trunnion, E, which 
passes across the middle of the aluminum frame. Their 
upper ends are attached to round pins, F, fixed hori- 
zontally, and with their length parallel to the trunnion, 
in two brass uprights, which are screwed to the sole 
plate, G, of the instrument. The suspension ligaments 
serve the double peepee of forming a flexible elastic 
joint about which the beam can freely turn, and of 
conveying the current into and out from the coils fixed 
to the beam. These movable coils are about 8 cm. 
mean diameter, and the cross section of the ring is 
about 1 sq. cm. Symmetrically placed with reference 


wing. the trunnion screws are turned back, the 
au lifted up against two stops above the trunnion, 
and two packing pieces containing V’s for the trunnion 
slipped between them and fixed by the screws, while 
the screws at the end of the seale, M, are screwed so 48 
to gripe the movable seale. The instrument may then 
be carried about, or sent anywhere, with perfect safe- 
ty under — usage. 

The method of using this balance is similar to that 
of the other balance already fully described in these 
ecoluinns. The instrument having been leveled, and 
the stop screws adjusted so as to limit the shake, as 
above indicated, the proper weight is put on the 
carriage, P, and the corresponding counterpoise weight 





in the trough, Q, and the zero adjusted. Before 
| making this adjustment the carriage and weight are 
moved to the zeroof the movable scale by pulling the 
cords, R 8, which move the slider, T. Having set the 
index of the carriage exactly to the zero line, using the 
lens which is supplied with the instrument, if necessa- 
ry, the flag, U, should beturned by moving the handle, 
| V, until the index, W, on the end of the seale points 
|to the middle one of the five black lines on the ver- 
tical scale, when the beam is allowed to swing freely 
and come to rest. Should by any accident the flag not 
| have sufficient power, the mass, y, on the back bar of 
| the beam may be —— a little to one side, until the 
| flag isable to wake the adjustment. A second verti- 
cal seale, Z, is fixed at the left hand end of the beam, 
| and the index, A, should point to the middle line of it 
| when the index, W, points to the middle line of X. The 
| two scales are placed in the instrument to allow the ob- 
| server to see whether by any accident the ligament has 
' been elongated since it left the maker’s hands. Such an 
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to each other and the suspended coil, one above and 
the other below the coil on the right hand end of the 
beam, are fixed two coils, H I, of silk-covered wire 
similar to that used for the movable coils. These coils 
have about the same mean diameter; but the cross 
section is rectangular, nearly square, and about 4 sq. 
cm. in area. Similarly placed with reference to the 
coil on the left hand end of the beam, are fixed an- 
other two coils, J K, which are capable of carrying 
strong currents. When the instrument is specially de- 
signed for continuous currents, these coils are made of 
copper ribbon of sufficient thickness to carry 500 am- 
peres safely. When the instrument is intended for al- 
ternating currents, the conductor consists of a rope of 
thin copper wires, each of which is silk-covered to in- 
sulate it throughout its length from the others. The 
ends of all the wires are soldered together : and in or- 
der to avoid, as far as possible, error due to irregular 
distribution of the current across the section, the rope 
is given one turn of twist for each turn which it makes 
round the coil. Two turns of this rope is sufficient 
for each coil, and the maxiwum current is 250 amperes. 
The bobbins on which the fixed coils are wound, and 
the sole plate of the instrument, are made of good in- 
sulating slate, and the beam of the balance is cut at 
each end, so as to avoid Foucault currents in the frame 
work and sole plate. 

To prevent excessive shake during the use of the in- 
strument, and for convenience of portability, capstan- 
headed stop screws, L, are attached to the supports at 
the ends of the fixed scale, M, and to an upright at the 
middle of the suspension trunnion. In the ordinary 
use of the balance these stop screws are turned until 
they are just clear enough of the movable scale, N 


elongation of the ligament may take place with rough 
usage, and a slight change of constant would be the 
result ; but it very rarely occurs. The mode of using 
the balance for the different classes of measurements 
will be more readily understood from the diagram, 
Fig. 2. In this diagram, B,; represents a set of non-in- 
ductive resistances of suitable magnitude for the po- 
tential of the circuit to which the suspended coils are 
to be connected. Suppose, in the first — that the 
balance is to be used as a voltmeter. he handle, C,, 
of the switch is turned to volt, and the electrodes, D, 
E,, connected to the points whose difference of potential 
is to be measured. The current then flows through the 
electrode, E, and the suspended coils, A B, to the 
switch, then from the “ volt ” terminal through the fixed 
coils, HI, to the “ watt” terminal, and from that ter- 
minal through the resistance B; to D;. As the result of 
this current, the right hand end of the beam is de- 
flected upward, and the weight has to be pulled 
toward the right in order to restore the balance. The 
distance through which the weight has to be moved 
gives the couple produced by the amperean forces be- 
tween the coils, and from the constant supplied with 
the instrument the potential between D, and E, is de- 
duced. It will be seen that by this method of using 
the balance, small currents may be measured. It is, 
in fact, a modified ‘“ centiampere” balance. The 
maximum current these coils are expected to carry is 1 
ampere, and currents from ,4 to 1 ampere may be 
measured in this way. 

Next suppose the instrument 1s to be used as a watt- 
meter. The switch handle is turned to “ watt,” the 





electrodes, D, E:, connected to the supply mains, and 
the electrodes, Ff, G,, of the current coils, J K, con- 


(which forms the front bar of the beam), and of the| nected to the two sides of a break in one of these mains, 


trunnion, to allow the beam to swing freely. For 


| The whole current passing that break flows through 
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the coils, J K, and a current proportional to the differ- 
ence of potential between the mains flows through the 
movable coils, but not through the fixed fine wire coils. 
The left band coil of the movable system is thus acted 
upon by a force proportional to the product of the dif- 
ference of potential between the mains and the current 
passing through them—that is, proportional to the 
rate of working in the circuit. 

For the measurement of current the strength of 
which exceeds one ampere, the instrument is used hete- 
rostatically—that is tosay, aconstant measured current 
is passed through the suspended coils, and the current 
to be measured is passed through the fixed current 
coils. The connections for this use of the instrument 
are the same as for the measurement of watts. When 
a constant e.m.f. is available, the current passed 
through the suspended coils may be measured by the 
instrument itself, by first turning the switch to * volt,” 
and adjusting an external resistance so as to obtain the 
required current, and then turning the switch to 
“watt,” and at the same time increasing the external 
resistance by an amount equal to the resistance of the 
fixed coils, H 1. Generally, however, a separate indi- 
cator or galvanoscope requires to be used in circuit 
with the suspended coils of the balance when it is 
used for the measurement of amperes. This indicator 
ean, of course, be standardized by the balance itself, 
arranged for the measurement of small currents, and it 
need not be capable of weasuring change of current, 
but it should be sensitive to such change. 

In standardizing this balance two sets of weights are 
determined, one of which, generally marked 0 7), 0 ts, 
0 #3, is used when the instrument is connected as a 
voltmeter or a centiampere meter. The current corre- 
sponding to any displacement of the weight is, in this 
case, half a centiampere, one SS. and two 
centiamperes per division of the fixed seale for the 
three weights respectively. The other set is adjusted 
to measure the current flowing through the fixed coils, 
J K, when a quarter of an ampere is flowing 
through the suspended coils. There are two weights 
in this set, marked w w, and w ww, The smaill- 
est weight has to be displaced one division of the 
movable, or equal division, scale for each tenth of an 
ampere flowing through the fixed coils, J K, and the 
larger weight has to be displaced one division of the 
movable seale for each half of an ampere flowing 
through these coils. 

This second set of weights also serve for the watt 
measurements, as all that requires to be known in 
order to allow the constant to be deduced is the resist- 
ance in the circuit of the suspended coils. Suppose 
this resistance to be equal to R, and the number of 
volts between the terminals to be V. Then the current 
through the suspended coil cireuit = V R, and the con- 
stant of the instrument requires to be divided by this 
quantity and multiplied by the number of amperes 
used when the constants were determined—that is, 4 
in this case. Hence the constant supplied with the in- 
strument divided by 4 V/R will serve in any particu- 
lar case for the measurement of the current through 
the final coils or the circuit of the installation. Let 
for any particular measurement the reading on 
the seale of the beam be N divisions, and the con- 
stant supplied for the weight used be C, and we get 
for the current in the circuit : 


CRN 





4V 
Now tbe number of watts being used in this circuit is 


the additional resistance is usually made equal to six 
times the number of ohms that there are volts to 
measured. On a 100 volt circuit, alternating at the 
rate of two hundred reversals of the petential per sec- 
ond, we should have the ratio of the indicated poten- 
tial to the true potential equal to 

640 x 10° 7 4/640 x 10'* + 3°1416" x 108? x 10°? x 2008 
equal to 0°9945; that is to say, the indicated potential 
would be fully a half per cent. too low. The rate of 
alternation is here taken rather higher than the usual 
practice, and the induction coefficient somewhat over- 
estimated, so that we may conclude that for ordinary 
purposes such an instrument forms a reliable volt- 
meter, For measuring the number of volts in the sup- 
ply mains of transformer circuits, the resistance, R, 
becomes so great that the indications for alternating 
and continuous e. m. f.’s are absolutely the same, so 
far as they can be measured. 

For the neasurement of watts, the induction coeffi- 
cient is the sum of the self-induction of the two sus- 
pended coils, or, <4 wermerengy 36 x 10° The effect 
of mutual induction between the fixed or current coils 
and the suspended coils is zero, since they are symme- 
trically placed one above and the other below the sus- 
pended coil, and the current made to flow in opposite 
directions in the two. From equation (1) above we 
have by integration 


R 
——t 
A E, t — 
C=Ae ! — —— sin (= t— e) where 
/R e+ 2’? r 
a zL R Tt 
sin ¢ = _———, and cos € = —— oe 


/Rt r+ el? / Rt? + 2 Lt 
| This quantity e gives the difference of phase between 
the current flowing through the coils and the e. m. f. 
lon their terminals. Taking the same values for R 
and r as before, we find 
‘ env ine 

a B'1416X36X10° «tt 1 
4/620? x 10" x 0°005?+-3 1416? x 36? x 10” 
which gives ¢ equal to a little over two seconds of 
angle. It is therefore clear that if the e. m. f. is as 
much as 100 volts, the instruments will give to a very 
high degree of approximation the true watts, so long 
as the difference of phase between the current in the 
fixed coils and the e. m. f. on the supply mains does 
not approach 90° nearer than a few minutes of angle— 
that is, so long as there is any sensible amount of work 
being done in the circuit.—/ndustries. 
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THE GRAMOPHONE—ETCHING THE HUMAN 


| fallacy which his theory contained in the assumption 
of breaking the contact, instead of merely modifying 
the same, Bourseuil’s paper, in speaking of the dia. 

»hragm, laid stress upon stating that ‘‘if one could be 
invented so movable and flexible as to answer to all the 
undulations of sound.” He evidently desired extreme 
flexibility, and diaphragms constructed on that princi- 
ple provec fatal to the efforts of many subsequent 
experimenters ; even at first to Mr. Bell, who, like 
Bourseuil, borrowed the idea from the flexible tym- 
panum membrani of the human ear, and who over- 
Jooked the important modifications which the vibra- 
tions undergo, before reaching the auditory nerve, by 
the series of muscular hinges in which the various 
bony accessories of the ear are mounted, and which act 
as elastic dampers against the tympanum membrani, 

Bourseuil’s ideas were immediately reprinted from 
French journals in other countries, and among the 
first was a prominent German semi-weekly journal, 
printed in Frankfort on the Main, the Didaskalia, 
which, on September 28, 1854, under the heading 
‘Electrical Telephony,” published a leading article, 
giving a full account of Bourseuil’s ingenious and won- 
derful conception. 

Frankfort was then a city of about 60,000 inhabitants, 
and among other institutes of learning, it supported a 
physical society, which counted, at the time of this 
publication, among its active and most zealous mem- 
bers an enthusiastic young teacher named Philip Reis, 
who, five years afterward, actually made an apparatus 
such as indicated by Bourseuil (who had since died 
without executing his idea), and which apparatus has 
since become known as the Reis telephone. 

I will not now enter upon any controversy as to the 
scope of this invention, regarding the possibility at the 
present day to transmit speech with the same. It may 
suffice to state that, when the news of the Bell tele- 
phone reached the learned men of Germany, some of 
the very first scientists in Berlin, who knew all about 
the Reis apparatus, doubted the possibility of the per- 
formance as represented by the American press. It is 
also now a matter of history that in the late decision 
in favor of Mr. Bell, the United States Supreme Court 
was unanimous so far as the Bourseuil-Reis apparatus 
was concerned. 

While Bourseuil’s conception was being digested by 
Reis, another invention, having also a membrane dia- 
phragm as its motive principle, was patented in France 
in 1857. This was the phonautograph, by Leon Scott, 
which had for its purpose the recording of sound vibra- 
tions upon a cylinder rotated by hand and moved for- 
ward by a serew. The cylinder was covered with 
paper, this was smoked over a flame, and a stylus at- 
tached to the center of a diaphragm, under the influ- 
ence of words spoken into a large barrel-like mouth- 
piece, would trace sound vibrations upon the smoky 





VOICE.* 
By EMILE BERLINER. 


THE last year in the first century of the history of 
the United States was a remarkable one in the history | 
of science. 

There appeared about that period something in the | 
drift of scientific discussions which, even to the mind | 
of an observant amateur, foretold the coming of im- | 
portant events. 

The dispute of religion versus science was once more | 
at its height ; prominent daily — commenced to} 
issue weekly discussions on scientific topics ; series of | 
scientific books in attractive popular form were eager- | 
ly bought by the cultured classes ; popular lectures on 
scientific subjects were sure of commanding enthusias- 





equal to A X V, that is, to CRN /4, or the constant to 
be used for the calculation of watts is equal to the con- | 
stant supplied for the measurement of amperes multi- | 
plied by R/4 where R is the total resistance in the cir- | 
cuit of the suspended coil. 

In connection with the use of instruments of this | 
class for the measurement of potentials, or of energy in 
alternating current circuits, the question of the effect 
of the self-induction and the mutual induction of the 
coils of the instrument on its indications has always to 
be considered. Consider first the measurement of volts | 
by the instrument just described. The suspended 
coils are about 4 cm. mean radius; the diameter of the 
cross section is about 1°l em., and they each contain | 
on the average a little under 400 turns. The coeffi- 
cient of self-induetion of such a coil is approximately 
i8x10' em. The fixed coils have about the same mean 
diameter, and the section is square, 2 cm. to the side, 
and they contain each about 670 turns. The coeffi- | 
cient of self-induction of this coil is about 36x 10° cm. 
The mutual induction between the movable and fixed 
coils is zero, as the fixed coils are at equal distances on 
opposite sides of the movable coil, and the one attracts 
while the other repels. There remains the mutual in- 
duction between the fixed coils, the mean distance | 
between which is 5 cm. This is of opposite sign to that | 
of the self-induction ; but as it is small compared with | 
it, and is favorable to the instrument, we may neglest | 
it. Taking, then, the sum of the self-inductions of the | 
two movable and two fixed coils, we get for the induc- 
tion coefficient of the instrument 108x10*. Let R be} 
the total resistance of the circuit supposed, with the | 
exception of the instrument, to be non-inductive ; E | 
the electromotive force at time, ¢, and C the current 
flowing at that time; and L the coefficient of induc- 
tion. Then 
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Assuming that E = E> sin xt where E, is the ampli- 


tude of the alternating e. m. f., and 2 r its period, we 
get 


adc " —— 
L dt +RC— E, sin ~t=0 Hise wacend (1) 
From this we deduce that 
C= 4 —Se_ 
i 2 
R? + 2 = 
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Now, since the force between the movable and the 
fixed coils is proportional to the square of the current, 
the readings for volts deduced from it will be propor- 
tional to Ey / 4/ R*+- 2* L?/r*, and thus the indications 
of the instrument will be diminished, by induction, in 
the ratio of R to 4/R’+2°L’/r*. The resistance of 
the coils of the instrument is a little over 40 ohins, and 





}commenced to take root outside of the small circle of 


|count of the forthcoming centennial celebration, with 


| the time experience the effects of an atmosphere preg- 


| labor. 


| Was one surging mass of patriots filling the air with the 


lone of the judges at the exhibition and one of the 


| 


tic audiences ; the great works on evolution had just 


logical minds from which they had emanated, and 
which had fostered them. Scientific periodicals were 
expectantly scanned for new information, and the 
minds of both professionals and amateurs were on the 
qui vive. 

Add to this the general excitement prevailing on ac- 


its crowning event, so dear to this nation of inventors, 
the world’s exhibition, and even those who did not at 


nant with scientific ozone can, in their minds, conjure 
up the pulsating, swaying, and turbulent sea of scien- 
tific research of that period. Science evidently was in 


The year 1876 came, and when the jubilee was at its 
very height, and when this great city of Philadelphia 


sounds of millions of shouts, a still small voice, hardly 
audible, and coming from a little disk of iron fastened 
to the center of a membrane, whispered into the ear of 


greatest of living scientists, the tidings that a new 
revelation had descended upon mankind, and that the 
winged and fiery messenger of heaven’s clouds had 
been harnessed to that delicate, tremorous, and yet so 
potent form of energy called the human voice. 

The speaking telephone had been born. 

The stimulus which this event gave to science can 
best be measured by the enormous advance made 
since, especially in that now most prominent branch, 
electricity, and I will show further on how, immediate- 
ly following it, our sister ——— across the ocean 
answered the magic touch by the conception of another 
invention, the scope of which cannot to-day be meas- 
ured yet, and which only just now is starting on its 
career of usefulness among the practical arts. 

In order to show the influence which these two in- 
| ventions had upon each other, and how their respec- 
| tive development came about in parallel steps, permit 
| me, before entering upon the new methods which I am 
to bring before you to-night, to pass in rapid review 
on the principal events in the history of the transmis- 
sion of speech electrically and of recording and repro- 
ducing the same mechanically. 

In 1854, Charles Bourseuil, with more than usual 
boldness, advanced the idea that two diaphragms, one 
operating an electric contact, and the other under the 
influence of an electro-magnet, wight be employed 
for transmitting speech over telegraphic distances. 
“Speak against one diaphragm,” he said, ‘“‘and let 
each vibration break or make the electric contact, and 
the electric pulsations thereby produced will set the 
other diaphragm vibrating, and the latter ought then 
to reproduce the transmitted sound.” Outside of the 
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surface. Scott also employed an animal membrane for 
his diaphragm, and took pains, by means of an attach- 
ment called a subdivider, to make the vibrations 
appear as large as possible. This subdivider, how- 
ever, became the prototype of the dampers in subse- 
quent apparatus, like the Blake transmitter and the 
Edison phonograph. 

The next important event in electrophonic and 
acoustic science was the publication by Helmholtz of 
his investigations in sound, and of Kiénig in the same 
line of research, but classical as these publications will 
forever remain, they fora time retarded the progress 
of apparatus for practical use, for the reason that they 
discouraged inventors by the mechanical complications 
which they a ascribed as indispensable to 
articulate speech. In fact, the persual of their work 
left a serious doubt in the mind of many a student 
whether there was not something in articulate speech 
and its audibility by the human ear beyond the grasp 
of the mechanical mind of man. 

These doubts were still increased by the attempts of 
Faber to construct a talking machine, after the system 
of the human organs of speech, a mass of intricate 
mechanism, levers, bellows, and pulleys, which gave 
an unearthly rendition of many words and sentences. 

But the Bell telephone came, and its greatness con- 
sisted not so much in the fact that it carried speech 
over hundreds of miles, but that it taught how simple 
a piece of apparatus could produce such perfect results, 
and that any diaphragm, however thick, could be made 
to set up audible articulate vibrations. 

The effect of this lesson was immediate, for hardly 
had the new wonder become known when an aston- 
ishing chain of logic formed in the brain of a distant 
devotee to science. 

On the 30th day of April, 1877, Mr. Charles Cros 
deposited with the secretary of the Academy of 
Sciences, in Paris, a sealed envelope, containing what 
in translation reads as follows : 

‘* PROCESS OF RECORDING AND OF REPRODUCING 

AUDIBLE PHENOMENA. 

‘““In general, my process consists in obtaining the 
tracing of the to-and-fro movements of a vibrating 
membrane, aud the utilization of this tracing for re- 
producing the same to-and-fro movements, with their 
relative inherent durations and intensities in the same 
membrane, or in another adapted for furnishing the 
sounds and noises which result from this series of 
movements. 

‘* We are therefore concerned with the transformation 
of an extremely delicate tracing, such as that obtained 
with a delicate stylus rubbing upon a surface blacken- 
ed by a flame, to transform, I say, these tracings in 
relief or intaglio, in resisting material capable of guid- 
ing a moving body, which transmits these movements 
to the sonorous membrane. 

‘‘A light stylus is connected with the center of a 
vibrating membrane ; it terminates in a point (metallic 
wire, the barb of a feather, etc.), which bears upon a 
surface blackened by a flame. This surface is a part 
of a disk to which is given a double movement of rota- 
tion and rectilinear progression. 

“If the membrane is at rest, the point will trace a 
simple spiral; if the membrane vibrates, the traced 
spiral will be undulating, and these undulations repre- 
sent exactly all the to-and-fro movements of the mem- 
brane, with their times and intensities.” 

Up to this point the apparatus as described would 
represent a modified Scott phonautograph, in which 
the cylinder is substituted by a flat disk. Mr. Cros 
then continues : 

‘**By means of the photographie process which, in 
fact, is well known, this traced, transparent, undula- 
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spiral is converted into a line of¢similar dimensions 
+, intaglio or in relief, in resisting material like tem- 
WD ed steel, for instance. — é 
perThis done, this resisting surface is, by means of a 
r apparatus, made to turn and to progress recti- 
linearly with a velocity hke that which was used in 
istration. 
the — reproduced tracing is in intaglio, a metallic 
int (and if it is in relief, a notched finger), held by 
spring, bears upon the tracing at one end and is con- 
: oad at the otherend with the center of the mem- 
oon adapted for sound reproduction. Under these 
anditions, this nembrane is not any more acted upon 
t the vibrating air, but by the tracing controlling 
pA pointed stylus by pulsations exactly like those to 
which the membrane was subjected in recording, both 
as to duration and intensity. ; 

“The spiral trace represents the successive equal 
periods by its increasing and decreasing length. There 
is nothing inconvenient in this if only the outer por- 
tion of the rotating circle is used, and if the spirals are 
close together, except that the central part of the disk 
is lost. ' . 

“In all cases, however, a helical tracing upon a cyl- 
inder is much to be preferred, and I am actually en- 
gaged in finding a practical embodiment of this.” 

This paper was only read in open session at the 
Academy on December 38, 1877, and in the meantime 
Mr. T. A. Edison appeared with the phonograph. 

From what we can learn by published reports, Mr. 
Edison, some time in the latter part of September in 
the same year, was at work on an automatic telephone, 
by which he intended to impress a telephone message 
upon a strip of tin-foil, and let the indentations 
thereby produced act upon a variable resistance, such 
as a lampblack button, and thereby transmit the mes- 
sage over the wire. While one day at work on this, so 
the report runs, he, perchance, slipped the previously 
indented slip under the recording stylus, which, as in 
the Scott phonautograph, was connected to the center 
of a diaphragm, and then and there occurred the first 
actual reproduction by mechanical means of words 
registered before. 

The phonograph became then, at once, an accom- 
plished fact, for to such an experienced inventor it 
must have taken but a moment to mentally cover the 
evlinder of a Scott phonautograph with tin-foil and to 
indent the same at right angles to the surface of the 
cylinder. 

Everybody remembers the sensation which the in- 
vention produced, and the prognostications which 
were advanced for it by the scientific press showed 
that the principle of the apparatus was considered to 
contain the germ of an ultimate achievement of the 
most accurate results, 

In this respect, as well as in others, there are striking 
resemblances in the history of the two inventions with 
which I am dealing. 

In both, the original idea emanated from French- 
men, and both described one process of transmitting 
and a different process of reproducing speech. In the 
Boursenil telephone there was a contact transmitter 
and an electro-magnet receiver; in the Cros phono- 
graph, a written record and an engraved reproducing 
groove. 

In both inventions the first realization occurred in 
the United States, and was effected with apparatus 
representing only the reproducer of the original con- 
ception. In the speaking telephone, the reproducing 
electro-magnet of Bourseuil became also the transmit- 
ter of Bell; and in the phonograph, the reproducing 
groove and stylus of Cros became also the record of 
Edison. Both the Bell and Edison apparatus were ac- 
cepted for a time as containing the best mechanical 
and philosophical principle for the highest attainable 
results. In both, the aim at the beginning was to pro- 
duce loud sounds, and both eventually contented 
themselves with a much fainter voice, which then be- 
came more distinct in articulation. Finally, in both 
inventions, the original transmitter was subsequently | 
resurrected, and found to contain a pointer toward a} 
superior principle as a transmitter and recorder, and it 
only remains now to use a Scott phonautographie re- 
cord direct for reproduction in order to complete a par- 
allel with the fact that a contact transmitter can also 
be used as a telephonic reproducer. 

In making these parallels, however, I am aware of 
the fact that Cros had a better idea of a talking ma- 
chine than Bourseuil had of a speaking telephone. 

The paper of Mr. Cros, which can be found on page 
1082, vol. 85, of the Comptes Rendus of 1877, appears to 
have been consigned immediately to obscurity. When 
ten years later I filed my patent application for the 
gramophone, not even the examiners at the Patent 
Office knew anything of Mr. Cros, and when I men- 
toned his name in the first publication of the ‘ gratmo- 
phone, even those best informed on the subject were 
surprised. Nevertheless, I considered it a duty to my 
friends to make the following statement to the editors 
. the Electrical World, which they published simul- 
aneously with the ‘‘ gramophone,” on November 12, 
1887. I said : 

‘On August 30 of this year, which was three months 
after she filing of my application for a patent, while in 
ror ar my counsel, Mr. Joseph Lyons, I happened 
shen “ an a German scientific book in his posses- 
ee reading up about the phonograph, I came 
Chae -- yy stating that on_ April 30, 1877, one 
i, eposited at the French Academy of 
ae = sealed paper which, when opened and read 
pee ee session during that year, was found to 
po ( m~ ription of the author's idea that a photo- 
intaglio Daonautographic record, either in relief or 
prea pod utilized for reacting through a 
reproduce tt laphragm, and by this reaction ought to 

a ' the original sound.’ 

Mr a as I was at this discovery, I requested 
whethoe ral - om out through his friends in Paris 
his iden os o by hat extent Mr. Cros had ever carried 
theofiins ee and an answer has since come to 
junta ros never put his idea into practi- 
ts ened ae taken aback by the eclat which 
i. § momen,“ produced soon afterward ; whether 
which T he discouraged at the practical difficulties, of 

- ‘ave found many at the outset of all my ex- 
periments; or whether he did not ap iate th 
Peculiar adv ppreciate e 

advantage of the phonautogramic method— 


all this 
far meery not appear from the meager accounts so 








first suggested the idea of, and feasible plan for, me- 


‘But although, viewed in the light of equity, he 
had virtually abandoned his invention at the time 
when I independently and without knowledge of his 
prior idea took up the same subject, the fact remains 
that to Mr. Charles Cros belongs the honor of having 


chanically reproducing speech once uttered.” 

As this statement has never been challenged since it 
was first made, | presume that it is substantially cor- 
rect. 

If we should attempt to carry out strictly the ideas 
of Mr. Cros, we would find many obstacles to obtain- 
ing practical results; and while undoubtedly the cor- 
rectness of the general principle could be proved, the 
effects would not be as good even as those obtained by 
the original phonograph. Even with the application 
of the various improvements which I originally intro- 
duced, the process requires great care, and while this 
would not have been an obstacle, on account of the 
great advances made in photo-engraving, I have now 
abandoned the original process altogether, and have 
substituted one of great rapidity and simplicity. 

But to return to the phonograph; we find this ap- 
paratus remained in an unsatisfactory and unfinished 
condition for nearly nine years. 

Among those who believed that ultimately the phono- 
graph could be turned to practical account was the 
well known original patron of the speaking telephone, 
Mr. Gardiner G. Hubbard ; and being also financially 
interested in it, he, in 1883 or thereabout, caused the 
Volta Laboratory Co., an association originally found- 
ed by Prof. Bell as a laboratory, from the funds of the 
Volta prize awarded to him by the French government, 
to provide ample funds for the purpose of making an 
extensive series of experiments with the phonograph. 

Prominent among the scientists connected with the 
enterprise were Prof. Bell, Dr. Chichester A. Bell, and 
Mr. C. 8. Tainter. After two years of ardent labors 
these gentlemen came to the conclusions : 

First.—That the indenting process had to be aban- 
doned and an engraving process be substituted—4. e., in- 
stead of pushing the record surface down with the atylus, 
as in the original phonograph, it should rather be dug 
out or graven into. 

Second.— That the best substance, answering also the 
various other requirements, was beeswax hardened by 
an admixture of paraffine or other similar waxy sub- 
stances. 

Third.—That loud speaking was impracticable, and 
that the ordinary conversational tone gave better re- 
sults, although reducing the reproduction to the loud- 
ness merely of a good telephone message. 

In Patent No 341.214, of May 4, 1886, issued to Dr. 
Chichester A. Bell and Mr. C. 8. Tainter, the follow- 
ing claims, among others, were granted : 

‘The method of forming a record of sounds by im- 
pressing sonorous vibrations upon a style, and there- 
by cutting ina solid body the reeord corresponding 
in form to the sound waves, in contradistinction to 
the formation of sound records by indenting a foil with 
a vibratory style, ete. 

‘3. The vibratory cutting style of a sound recorder, 
subtantially as described. 

“7, A sound record consisting of a tablet, or other 
solid body, having its surface cut or engraved with 
narrow lines of irregular and varied form, correspond- 
ing to sound waves, substantially as described. 

“9. The method of forming a sound or speech re- 
cord, which consists in engraving or cutting the same | 
in wax, or a wax-like composition, substantially as 
described.” 

As a final result of all their labors, there issued in 
the spring of 1887 the graphophone, the first really 
practical apparatus of the phonograph type, and which 
was exhibited to admiring crowds in Washington and 
elsewhere. 

To those who have never heard this instrument, I 
will repeat what I wrote about its performance in No- 
vember, 1887, namely, that it appears to be the best 
instrument to take down business letters or dictations 
of any kind, in which the recognition matters little, so 
long as the words can be made out; also, that the re- 
produced sound is as loud as that of a good telephone 
message, but that the distortion produced by the en- 
graving is sufficient to make the voice unrecognizable 
save to a strained imagination added to a previous 
knowledge of the author of the voice. The record 
ground of this machine is a thin pasteboard cylinder 
covered with wax. 

Soon after the graphophone became generally known, 
Mr. Edison, evidently encouraged by the results ob- 
tained in this instrument, took again to experimenting 
with the phonograph, and, after trying wax covered 
with tin-foil for indentation, he abandoned that mode 
of recording, and also settled upon a cylinder of wax 
and the graving-out process, thus confirming the cor- 
rectness of Bell’s and Tainter’s conclusions, and the new 
Edison phonograph and the graphophone appear to be 
practically the same apparatus, differing only in form 
and motive power. 

Rk. now come to the subject of the evening, the gramo- 
phone. 

In my telephonic studies, I had become familiar with 
all the causes influencing the transmission and repro- | 
duction of the voice, and what had at all times struck | 
me as forcibly as anything in telephonic phenomena | 
was the fact that the self-induction of long iron wires 
or of polarized electro-magnets acted so detrimentally | 
upon the articulation. Electrical resistance alone | 
would simply have weakened the sound, but self- 
induction meant retardation, and this distortion of the 
transmitted waves which varied in length and ampli- 
tude. To appreciate fully what an extremely small 
amount of energy ordinary speech possesses mechani- 
cally, let us consider a few well-known facts : 

A puff of air not strong enough to extinguish a can- 
dle flame, when blown across an empty bottle or into 
a whistle will produce a sound which may be heard 
over a bendool feet away. The amount of electricity 
needed to operate audibly a magneto-telephone is said 
to be less than one-millionth part of the electricity of 
a standard Daniell cell. 

In considering such and other facts, it became evi- 
dent to me that if such delicate energy, subdivided 
into may be several hundred waves, should indent or 
engrave itself into a solid body, it needed but very 
slight mechanical resistance to modify considerably 
the character of the sound vibrations. For what self- 
induction is to the telephone circuit, the variable re- 











sistance which impressible material offers to indenta- 


tion or engraving at various depths is to the phono- 
graph record sheet. Neither is proportional in direct 
ratio to the expended energy, and must give cause, 
aside from a reduction in size of the sound characters, 
also to a distortion of the same. 

Your own Prof. Houston, in his learned remarks in 
the Journal of the Franklin Institute of January, 1888, 
sa 


ys: 
“The difficulties just pointed out, it would seem, 
must exist in any instrument, however improved in its 
mechanical structure, if it make the record on the 
phonogram at right angles to the surface thereof. Of 
course, if a substance was discovered for such a sur- 
face that offered a resistance to indentation a 
roportional to the depth of such indentation, the dif- 
culty would, to a great extent, be removed.” 

All the experiments which were made with the pho- 
nograph and the graphophone confirmed the correct- 
ness of all these assertions, for the louder it was neces- 
sary to speak when recording, the less distinct became 
the articulation of the reproduced sound. 

A change for the better was, therefore, to be ob- 
tained : 

First. By tracing the vibrations, as in the old phon- 
autograph, parallel to the record sheet. 

Second, By reducing the resistance offered by the 
record medium to as near to nothing as possible. 

Both principles, although not emphasized, are con- 
tained in the Cros document ; but for my part, I found 
that merely smoked surfaces were utterly impracti- 
cable, because, if sufficiently black for a photo-engrav- 
ing, and with the extremely small sizes of waves ob- 
tained with records that are adaptable for the repro- 
duction of good articulate speech, the record lines were 
ragged, and, under a wagnifying glass, looked like a 
set of parallel saws whose teeth would form a grating 
sound, which nearly drowned the articulation. 

I observed, however, in my experiments, that the 
grayish deposit of lamp black which is obtained from 
the center of a kerosene flame was more oily and gave 
a somewhat sharper line than the deep black deposit 
caused by smoking with the top of the flame, and this 
led me to the highl beneficial process of oiling the 
plate prior to smoking the same, either by applying 
printer’s ink or artist’s paint by means of a printer's 
roller or by brushing oil over it. The smoke would 
then amalgamate with the oil, and formsa fatty ink of 
a rather dry consistency, which when crossed by a 
stylus shows, even under a microscope, a sbarply cut, 
transparent line. 

I still employ this process for small test plates, and 
prepare them as follows: One part of paraffine oil is 
mixed with twenty parts of benzine or gasoline. This 
mixture is poured on and off a glass disk, ‘when the 
benzine evaporates, leaving an extremely thin layer of 
oil. Thisis held overa smoky flame and moved to and 
fro until the surface looks just dry. The S hegepe 
of artist’s paint with a roller prior to smoking is still 
better. 

I also adopted for the gramophone a disk of glass as 
a support for the smoke deposit, traced the sound re- 
cord from below so that the displaced lamp black 
should fall down, varnished it after the tracing was 
done, and used this disk as a negative without there- 
fore needing a camera or photographic chemicals out- 
side of the chrome gelatine or chrome albumen used in 
developing a raised picture. I would refer, for a detailed 
account, to the already mentioned issues of the Hlec- 
trical World and the Journal of the Franklin Insti- 
tute. 

The lesson of simplicity which the telephone was 
continuously preaching caused me at an early day to 
look for a simpler plan to attain my purpose, and in the 
specification originally filed by me I said : 

“ This record (meaning the phonautogram) may then 
be engraved either mechanically, chemically, or photo- 
chemically.” And although for a long time without 
much hope for success, the purely chemical process of 
direct etching haunted me continuously, and was re- 
peatedly suggested by others. 

But it was easier suggested than carried out, because 
under the principles of the gramophone the etching 
ground was to offer practically no resistance to the 
stylus, and to make one which had no resistance me- 
chanically, but did resist the etching fluid after the 
tracing was done, was the problem to be solved. 

You will readily see that if we can cover, for instance, 
a polished metal plate with a delicate etching ground, 
trace in this a phonautogram, and then immerse the 
plate in an etching fluid, the lines will be eaten in, and 
the result will be a groove of even depth, such as is re- 
quired for reproduction ; such a process, of course, 
would be much more direct and quicker than the 
photo-engraving method. 

In nature provision seems to be made for all the 
wants of mankind, and confident in this belief, I kept 
on trying to find a trail which led to promising results, 
and I have the honor to-night, for the first time, to 
bring before you this latest achievement in the art of 
producing permanent sound records from which a re- 
production can be obtained, if necessary, within fifteen 
or twenty minutes, and which can be accurately multi- 
plied in any number, by the electrotype process. It 
may be termed, in short, the art of etching the human 
voice. 

The etching ground which I use is aiso a fatty ink, 
and one of the best I have fouud thus far is made by 
digesting pure yellow beeswax in cold gasoline or 
benzine. 

Benzine, in a cold state, will not dissolve all the ele- 
ments of the wax, but only a small part, namely, that 
which combines with the yellow coloring principle, and 
the resultant and decanted extract is a clear solution 
of a golden hue, which gradually becomes bleached by 
exposure to light. The - which I use are one 
ounce of finely scraped wax to one pint of gasoline. 
The bottle containing the mixture must be repeatedly 
shaken, and after the white residue has settled, the 
clear fluid is decanted or drawn off by a siphon. 

I then take a polished metal plate, generally zine, and 
flow the fluid on and off, as if I would coat with col- 
lodion. The benzine will quickly evaporate, and there 
remains a very thin layer of wax, iridescent under re- 
flected light, not solid as a coating produced by immer- 
sion in a melted mass, but spongy or porous, and ex- 
tremely sensitive to the lightest touch. 

Partly on account of the too great sensitiveness of a 
single film, and also as an additional protection against 
the action of the acids employed in the subsequent 
etching, I may apply a second coating of the solution, 
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and this double coat I find to answer all require-| the whole process, I will now describe the most import- 


ments. 


ant apparatus of the gramophone, the recorder. The 


The protection which this porous or spongy wax/| translation of the movements of the diaphragm into 
affords from the acid is mostly due to the fact that| the same movements at right angles, and with the ex- 


watery solutions assume the spherical state on the film, 
while at the lines where the wax is disturbed the acid | 
enters freely, and attacks the metal below. 

A difficulty which only a short time ago appeared 
insurmountable was the accumalation at the point of | 
the stylus, while tracing the sound record, of filament- | 
ary particles of dust which exist in the wax solution, | 
and which, being ever present in ordinary rooms, settle 
down and adhere to the film. These dust particles are 
so fine that they eannot, as a rule, be detected by the 
most searching inspection of the prepared plate; but 
they become very conspicuous and a very serious| 
source of annoyance when a long record is being made. 

It must be borne in mind that the contact which the | 
tracing stylus makes with the record surface is ob-| 
tained by the elastic pressure from a piece of hair- | 
spring backed by a narrow blade of writing paper, and 
which pressure amounts to about five grains. There- 
fore, as this stylus passes through the fatty ink or 
other ground, and traces the fine undulatory line, the 
dust particles. as well as small portions of the displaced 
ink or wax, adhere to and accumulate at the point of 
the stylus and are dragged along, and the record 
thereby becomes blurred and indistinct. 

I have discovered an effective means for overcoming 
this difficulty, and it consists in applying to the record 
surface a fluid that slightly adheres to the etching 
ground, and keeps it wet while the record is being 
made. I have found commercial aleohol to be very 
effective for this purpose, and it is used by pouring it 
over the plate just before the sound record is made. 
The alcohol, of course, immediately commences to 
evaporate, but not rapidly enough to disappear en- 
tirely before the record is finished, and there is no dif- 
ficulty in adding more alcohol while the plate revolves. 
Under this condition, the point of the stylus remains 
perfectly clean, and it seems as if the dust particles had 
not been present at all. 

The theory by which I explain this result is that the 
alcohol, so to speak, lubricates both the surface and 
the stylus, and prevents the adhesion of the filaments 
tothe latter. At any rate, the application is highly 
beneficial, and the resuiting line is so sharp and fine 
that it has to be widened in the subsequent etching 
process, in order to permit the acid to bite at sufficient 
depth. It can also be proved that the resistance of the 
wax film is decreased by the presence of the alcohol, | 
but when this has evaporated, the wax film appears to | 
be in precisely the same condition as before, even show: | 
ing again the iridescent colors which disappeared on 
the application of the alcohol. 

The filin of wax being so thin, it is almost transpar- 
ent, and if the record was inade on this it could barely 
be detected. As, however, it is sometimes desirable to 
examine the record prior to etching the same, I can 
smoke the etching ground slightly by holding it high 
above burning cawphor, so as to prevent a heating 
and melting of the spongy wax, and the alcohol poured 
afterward over this smoked surface does not seem to 
wash off any of the soot particles. 

We now come to the important process of etching the 
record. Etching is done on steel, copper, or brass with 
nitrie acid, perchloride of iron, or with a mixture of 
muriatic acid and chlorate of potash known as Dutch | 
mordant. In modern photo-engraving nearly all the | 
etching is done on zine by means of diluted nitrie acid, | 
and these materials are preferred on account of their | 
being cheaper than any other, and zine is a metal | 
easily obtained with simooth and even facings. In 
etching, however, on zine, it is necessary continually 
to brush away the hydrogen bubbles which form and 
adhere to the lines, and as the etching ground is 
usually of firm and solid material (like asphaltum, hard 
wax, pitch, or resin mixtures), no harm results from the 
brushing necessary in order to obtain sharp edges 
along the lines. 

Desiring to avail myself of the advantages offered in 
zine plates, I soon found that no etching fluid was 
known that would be to zine what perchloride of iron 
was to copper—namely, etch cleanly and without the 
appearance of hydrogen bubbles. To apply the brush 
ing to the delicate, spongy wax film I employed was out 
of the question, as the first touch would wipe away the 
whole ground, and to permit the formation of hydro- 
gen bubbles without brushing them away meant un- 
even and ragged lines and a distorted reeord. 

While studying this matter over it occurred to me to, 
so to speak, depolarize the zinc pate by adding to the 
acid bichromate of soda, which I thought wight prove 
efficient, as it does in the galvanic battery, to pre- 
vent the appearance of the bubbles while etching 
the zine. It took, however, a comparatively large 
quantity of the bichromate to answer my purpose ; 
so much that I concluded that the mixture had all 
the conditions of a chromic acid, orat least of a 
mixture of chromic acid and nitrate of soda. When 
I thereupon substituted a solution of chromic acid 
pure and simple, I found this to bea most excellent 
etching fluid, and that is what I am now using—name- 
ly, a solution of one part by weight of dry chromic 
acid dissolved in three parts by weight of water. I use 
the commercial acid, such as can be obtained from 
Churchman & Co., of this city, at twenty-five cents a 
pound. Such a solution etches on zine a sharp and 
clearly cut line, and no hydrogen appears during the 
etching. 

The back of the zine plate had previously been paint- 
ed with protecting varnish or molten beeswax, and 
within from fifteen to twenty minutes from the time | 
of immersion in the chromic acid solution, and without 
disturbing it, a cleanly cut groove of sufficient depth is 
obtained for reproduction. This groove may then be 
deepened in the ordinary way of rebiting by covering 
the facing of the plate with resin dust, heat the same, 
and then immerse in diluted nitric acid. Under these 
conditions the brush may be applied until the necessary 
depth is obtained, generally in about one to three 
minutes, according to the strength of the etching fluid. 
I have used stronger solutions of chromic acid with no 
ill effects and a more rapid etching, and there seems to 
be a wide margin on this point, provided the plate is 
watched during the etching process. The lines very 
gradually widen in the course of the etching, but the! 
upper edges of the grooves remain perfectly parallel 
and sharply defined. | 

Before proceeding with a practical demonstration of 














treme smallness of the motion and the liabilty of distort- 
ing them, adding to them, or detracting from their 
value in translating them, requires greater care to 
guard against error than an uninitiated observer would 
suppose ; and when we examine the complex and ex- 
tremely delicate mechanism which nature has provided 
in the human ear forgiving a correct translation of 
air vibrations into nervous vibrations, it behooves us 
to be careful in the application of every day mechanics. 
Free as the telephone is, comparatively, from mechani- 
eal incumbrances, it is deficient in articulation of the 
consonants, and with the simplicity of a as 
required in the phonograph and graphophone, these 
difficulties of recording proper do not exist, and are 
shifted to the other portions of their construction 
and manipulation. In having attempted, therefore, 
to do justice to all sources of error, I am not yet pre- 
vared to say that my present recording apparatus 
is constructed and adjusted to the greatest attainable 
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correctness. Those who are familiar with the tedious- 
ness of original research will admit that a new sub- 
ject of this kind cannot be solved in its entirety within 
the space of a few months; and what I bring before 
you to-night, being the hasty results of machine finish- 
ed but ten days ago, should be measured rather by the 
possibilities it opens than by the results so far attain- 
ed, whatever merit you may accord te them. 

My impression, however, is that there is very little of 
lost or added motion in wy present apparatus, and 
whatever imperfections may exist must be looked for 
in the node of reproducing the sound, rather than in 
the recorder (Fig. 1). 

K is the diaphragm box; A is the center portion of 
the diaphragm ; B is a brass post screwed to the dia- 
phragm and slotted above; E is a piece of rabber tub- 
ing held in the slot and holding one end of the stylus, 
C. This stylus is made of stiff metal and is pivoted by 
the steel pivots, F F. D is a blade of writing paper re- 
enforced by a piece of hairspring which extends, and 
forms the tracing point. G isa piece of rubber tubing 
around the styles which dampens its musical vibra- 
tions; H is a piece of felt daimper between the dia- 
phragm and the diaphragm box, which acts as a gen- 
eral daunping device. 

The whole is mounted on a sliding earriage, which is 
drawn by clock-work across the disk, while the latter 
revolves at the rate of about thirty revolutions per 
minute. 

DEMONSTRATION. 


While the plate is being etched 1 will now let you 
listen to some phonautograms which I prepared in 
Washington within the last two weeks. The repro- 
ducing apparatus, or sounder, is constructed on pre- 
cisely the same principles as the recorder, but of smaller 
dimensions and with more rigid mountings, so rigid, in 
fact, that if it was used as a recorder it would barely 
show undulations on a smoked surface when shouting 
into it. 

The stylus is tipped with iridium like the points of a 
gold pen, the object of this being to prevent abrasion 
by the continuous friction with the hard record. 





RECORDING DIAPHRAGM AND STYLUS. 


In reproducing the sound I find that it is louder with 
hard contact substances, like wetal, than with soft 
ones like rubber or plaster of Paris. Hard metals like 
copper, nickel, or brass sound Jonder than zine or type 
metal, but the scraping sound, which is due to friction, 
is also increased unless the record surface is smooth and 
very highly polished. 

But when an iridium-pointed stylus is rubbed over 
clean glass, a scraping sound is barely perceptible. I 
am now in communication with a firm that is making 
ornamental glass tiles by impressing upon red-hot glass 
plates fancy designs in relief or intaglio by strong pres- 
sure. You will readily see that if on the same plan we 
can impress a matrix showing the sound record in 
raised lines upon a giass plate, we would get a groove 


Ts 
in glass giving a loud reproduction with a winimam 
disturbing sound due to friction. of 
In the deseription of November 12, 1887, I ady, 
the idea of mounting the sounder on a carriage 
rails, and have the record groove itself be the sere 
which was to guide the point of the stylus across the 
disk from periphery to center. This has been improved 
upon by Mr. Werner Suess, the gentleman with 
here to-night, and who is the mechanician of our little 
shop in Washington. He suggested to mount the 
sounder on a pivot at some distance from the disk 
then let the reproducing groove guide the soup 
across the disk over an are of flat amplitude. This 
happy idea is embodied in the present apparatus, and 
is a very ingenious adaptation indeed. 


REPRODUCTION, 


It is, I trust, pardonable if I close by foreshadowing 
to a certain extent the practical applications of the 
gramophone. 

A standard reproducing apparatus, simple in 
struction, and easily manipulated, will, at a moderate 
selling price, be placed on the market. 

Those having one may then buy an assortment of 

honautograms, to be increased occasionally, compris. 
ing recitations, songs, and instrumental solos or orehes. 
tral pieces of every variety. 

in each city there will be at least one office having 





REPRODUCING APPARATUS. 





gramophone recorder with all the necessary outfits 

There will be an acoustic cabinet, or acousticon, con- 

taining a very large funnel. or other sound concentrat- 

or, the narrow end of which ends in a tube leading to 
| the recording diaphragm. At the wide opening of the 
funnel will be placed a piano, and back of it a semicir. 
cular wall for reflecting the sound into the funnel, 
Persons desirous of having their voice ** taken ” will step 
before the funnel, and upon agiven signal sing or speak, 
or they may perform upon an instrument. While they 
are waiting the plate will be developed, and, when itis 
satisfactory, it is turned over to the electrotyper, orto 
the glass moulder in charge, who will make as many 
copies as desired. The electrotype shells are mounted 
on thick pasteboard, and this is backed by a stiff piece 
of sheet metal. There is another process which may 
be employed. Supposing that his Holiness the Pope 
should desire to send broadcast a pontifical blessing to 
his millions of believers, he may speak into the recorder, 
and the plate then, after the words are etched, is turned 
over toa plate printer, who way, within a few hours, 
print thousands of phonautograms on translucent trae- 
ing paper. These printed phonautograms are then 
sent to the principal cities in the world, and upon ar 
rival they are photo engraved by simply using them as 
photograph positives. The resultant engraved plate 
is then copied, an infinitum, by electrotyping or glass 
moulding, and sold to those having standard repro 
ducers. 

_ Prominent singers, speakers, or performers may de 
rive an income from royalties on the sale of theit 
phonautograms, and valuable plates may be printed 
= registered to protect against unauthorized publics 
ion. 

Collections of phonautograms may become very 
valuable, and whole evenings will be spent at home 
(rine through a long list of interesting performances 

Vho will deny the beneficial influence which civilia 
tion will experience when the voices of dear relativesand 
friends long ago departed, the utterances of the great 
wen and women who lived centuries before, the radi 
ant songs of Patti, Campanini, Nieman, and others, the 
dramatic voices of Booth, Irving, and Bernhardt, and 
the humor of Whitcomb Riley can be heard andre 
heard in every well furnished parlor ? 

Future generations will be able to condense within 
the space of twenty minutes a tone picture of a single 
lifetime. Five minutes of the child’s prattle, five of 
the boy’s exultations, five of the man’s reflections, and 
five of the feeble utterances from the death bed. Will 
2 not be like holding communion even with immortal- 
ity ? 

Postscript.— One of the peculiarities inherent with 
the gramophone is the possibility to enlarge the or 
ginal sound by enlarging the printed vibratory char 
acters of speech and then photo-engrave the same. Io 


RECORD LINES (magnified 6 diameters). 


this manner it should be possible to get the reproduc 
tion at a much greater volume than the original sou 
It would be interesting if some day speakers in a largt 
hall would prefer to do their talking by machine, or @ 
send speeches to a convention which they were una 
to attend in person.—Jour. Fr. Inst. 


QUILL toothpicks come from Francze, the largest fae 
tory, and which turns out about 20,000,000 annually. 
being near Paris. It was originally erected for the 
manufacture of quill pens, but when these were super 
seded by the pre ‘implement the quills became t 








dreamy bookkeeper. 








picks, to which use they had long been applied by t# 
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MICA MINING IN NORTH CAROLINA. 
By Wo. B. PHILLIPS. 


Nn mica wining began in North Carolina in 
ee. Some little work was done in 1867, but beyond 
opening two or three pits, and getting out several hun- 
dred pounds of fine mica, net a great deal was accom- 

lished. Reference bas already been made in the pages 
of this journal * to the fact that some of the mines had 
been worked by the prehistoric inhabitants of the 
country, who disposed of the mica, in part at least, to 
the mound builders. + These “old men” were pos- 

of considerable skill, not only in the location of 
deposits, but also in the extraction of the mica. 
he first is proved by the fact that by following their 
“Jeads * modern winers have found the best mica, and 
the second by the fact that sheets of mica of consider- 
able size have been found in old mounds. Although 
some evidences of the use of other than stone tools have 
been found in the old drifts, the principal method used 
by these “ancients ” was fire setting. 

They did not penetrate into the hard rock to any great 
extent, nor isit likely that they sank shafts. Curiously 
enough, the method employed for opening the deposits 
in those days, viz., by open trench, is that at pres- 
ent used in New Hampshire. Shaft mining, vertical 
and underlie, is the exception in New Hampshire ; it is 
the rule in North Carolina, In 1867, the Hon. Thomas 
L. Clingman, of Asheville, N. C., was induced by some 
New York mica dealers to undertake investigations in 
North Carolina for mica. Small sheets were then selling 
at $8 per pound, and the supply wasuncertain. He be- 
gan operations iu Cleveland County, and found some 

mica, which was shipped to New York. This was 
late in 1867 or early in 1868, and is the first instance I 
have been able to find of the prosecution of mica :nining 
as aregular business,since the days of the Indian mound 
builders. Some work was done at this time in Burke 
and Rutherford counties, also, but with no very satis- 
factory results. He then transferred his explorations to 
Yancey and Mitchell counties, selecting as the best 
spots what was afterward the Ray mine, in Yancey, 
and the Silvers or Sink Hole and the Buchanan or 
Clarissa mines in Mitchell. : 

The first work done at the Silvers mine was not, how- 
ever, in searching for mica, but for silver. It was known 
that at this place were great pits and trenches, amount- 
ing in all to some 1,800 feet in length, and in places 20 
feet deep, with large trees grown up on the debris, and 
with every appearance of age. The very memory of 
these old miners had passed away, and nothing was 
left of them but their pits and trenches here and pieces 
of mica found in the Indian mounds in the Ohio valley. 
Tradition, always busy with the unknown, had deter- 
mined that these workings had been undertaken for 
silver. Some specimens of the rock from the Silvers 
mine were pronounced by the ubiquitous practical 
miner to resemble some rich silver ores from Mexico, 
but the assay proved them to be worthless. The first 
work done at the Silvers mine was for silver, and it was 
not until it wasfound that there was no silver that at- 
tention was turned to the mica. 

One at least of his New York friends had accom- 
panied Clingman to Yancey County to search for mica, 
but did not think well enough of the enterprise to con- 
tinue in it. Clingman, however, continued the work of 
mica wining at the Silvers mine, and obtained several 
hundred pounds of fine mica.t Being called away by 
more pressing business, he instructed his foreman to 
collect the mica and store it away. This, however, 
was not done, and several large blocks were left on the 
ground. A stock drover passing that way with his 
wagon took one of these blocks to Knoxville, Tenn. It 
was seen by J. G. Heap, of Heap & Clapp, dealers 
in stoves and tin ware, who at once recognized its 
value. He and his partner disposed of their business in 
Knoxville and went at once to Mitchell County, N. C., 
and began mica mining.§ This was in 1869. From that 
time and for several years they conducted a very profit- 
able business, realizing for some of the mica, as Mr. 
—_. himself assured the writer, as much as $11 per 
pound. 

Heap & Clapp first worked the Silvers mine, and by 
following the old leads obtained large quantities of ex- 
cellent mica, They cut new trenches, ran an aditin and 
sank several shafts. They also worked the Buchanan 
or Clarissa mine, by shaft and adit, and found it 
equally good. Several other mines were opened and 
worked, as the Deake and Flat Rock. As local experi- 
ence was acquired (the sine qua non in mica mining, as 
in every other kind), they extended their operations, so 


that up to 1882, of the 400,000 pounds obtained, Heap. 


& Clapp must have mined by far the greater part. 
The average spot value of cut mica then was about 
~ per pound, some, however, selling as high as $11. 
Even at $2 the total value of the mica up to 1882 would 
be $800,000. As to the profits, no very definite informa- 
tion can now be given. In 1880 the total real and per- 
sonal capital invested in the North Carolina mica 
mines was $6,900, and the value of her product $61,675 | 
—every dollar invested returned $8.93. I cannot say of 
my own knowledge whether these figures can be ac- 
cepted or not. If true, they can be taken as fairly re- 
presenting the capital and yield. They reveal a most re- 
warkable state of affairs. The waste in mica alone, as 
we shall hereafter see, is from 85 per cent. to 95 per 
cent. in mica mining. That any mining operation 
utilizing at most only 15 per cent. of the stuff brought 
to bank should return $8.93 per $1 invested is simply 
‘neredible. It is stated *[ that some of the free milling 
gold ores of Dakota are worked at a profit on $2 a ton, 
that some stream tin works in Cornwall yield only two 
pound of black tin per ton, ** and that the pay dirt at 
the Eureka claim, near San Juan, California, gave a 
Profiton three cents per ton.++ So far as the refuse 
matter is concerned, these examples show there are 
places where it far exceeds the North Carolina mica 
mine waste. But it is not stated that there was any- 
thing like such a profit as is reported from the mica 
mines. Itis so great as to be incredible. We shall 


* W. C. Kerr, vol. xxxi., No. 13, p. 211. 
+ Foster, Prehistoric Races of America, pp. 191 and 270. 
# Thos. L. Clingman, priv. com., October 25, 1887. 
a Wiley, U. S. Treas, expert, Internal Commerce of the U. S., 1886, 








| Tenth U. S. Census, vol. xv., p. 843. 

1 Report of the Director of the Mint on Precious Metals, 1884, p. 251. 
** Collins, Metal Mining, p. 56. 

tt. A, Phillips, Mining and Metallurgy of Gold and Silver, p. 160. 





hereafter see that the New Hampshire mines in 1880| obscure problem. It is known, however, that the 


yielded twenty cents per $1 invested, which figure, 
while indeed somewhat low, is perhaps about right. 

There has always been a curious reticence on the 
part of the North Carolina mica miners and dealers, 
and a corresponding difficulty in acquiring correet in- 
formation. While indeed there are some notable ex- 
ceptions (and to these I would return iy warmest ac- 
knowledgments of their kindness), they serve but to 
make the background all the more obscure. I am 
often at a loss to know to what this reticence is to be 
ascribed. There are no more hospitable people in the 
world than the inhabitants of the mountains of West- 
ern North Carolina, nor any upon whose willingness 
to aid one in any laudable undertaking more assurance 
could be placed. And yet when it comes to mica min- 
ing they are reserved to the last degree, and it was only 
after repeated visits to the mines, and extended ac- 
quaintance among the miners, that I was able to ac- 
quire much information concerning the business. 

It is proposed in the papers that follow to describe 
this business—the geology of the mining districts ; the 
formation of the veins ; dressing the mica ; the percent- 
age yield of cut mica from block mica, ete. 

The success that attended the operations of Heap & 
Clapp in 1869 in Mitchell County soon induced others 
to enter the field. The profit was large, the work com- 
paratively easy, and the mica abundant. The Indians 
(I use the term for lack of a better) had shown that 

mica was to be had with very little expense or 
trouble. The whites were indeed for some time in 
doubt as to the purpose of the old works, but as on fol- 
lowing the trenches and re-excavating the old diggings 
they found only mica, they soon came to understand 
this mystery. Had it not been for the prehistoric 
operations, uch time and money would have been ex- 
pended on searching for the true veins. But, as it was, 
the miners of 1869 took their cue from the miners of 
1500-1600, and with their modern appliances—rude, 
indeed, it may be, but far superior to those of their pre- 
decessors—they carried on the business vigorously. It 
was not long before Mitchell and Yancey counties were 
dotted with prospect holes of more or less promise. 
The Ray mine, Westall, Joe Gibbs, Young, Baily 
Mountain, and others in Yancey County, the Pizzle 
(now Cloudland), Deake, Flat Rock, Mart Wiseman, 
(famous for rare minerals) and others in Mitchell 
County, were opened and worked. The fever spread, 
and in the counties of Buncombe, Haywood, Jackson, 
and Macon, other mines were added to those already in 
operation. Strange stories were toldfof the curious min- 
erals found in some of the mines. J.G. Heap, the pioneer 
of regular mica mining, and one of the shrewdest of 
men, told me that he has seen masses of “ uranium ore ” 
as large as his head embedded in perfectly white kaolin. 
Not being then apprised of its value (in 1869 some parts 
of Mitchell County were on the confines of mineralogi- 
eal knowledge), he paid no especial attention to it, and 
it was thrown on the dump and lost. He knew better 
before long, as did the others, and now uraninite and 
gumumite, ete., are saved. A few years ago, watching 
the emptying of the water bucket at the Flat Rock 
mine, I was able to secure some very handsome speci- 
mens of uraninite and gumwmite. Several old miners 
standing near remarked that when the mine was first 
opened those minerals were much more common and 
in much larger pieces. The first miners mined for 
mica and paid but little attention to other minerals, 
and they very likely threw on the dump many interest- 
ing and valuable minerals as not being their point 
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itchell County has been the scene of the most exten- 

sive operations, the deepest mines are located here, and 

by far the greater amount of mica sent to market from 
orth Carolina has been obtained here. 

The county lies between the Blue Ridge on the east 
and the Smoky Mountains on the west, being a part of 
the great western platean between these two ranges. 
Its average elevation is not far from 3,500 feet, and it 
slopes gradually from east to west, the highest point, 
Roan Mountain, lying on the Tennessee boundary. The 
eastern boundary, the Blue Ridge, attains a height of 
5,228 feet in the Sugar Mountain, while Roan Mountain 
on the west rises to a height of about 6,400 feet. There is 
on the whole, therefore, an upward slope toward the 
west. Some intermediate points, however, are much 
lower than the Blue Ridge. Thus, for instance, Bakers- 
ville, the county seat and the mining town for the dis- 
trict, is 2,550 feet, while the Watauga River, at the State 
line, is 2,131 feet. The most productive mines in Mitchell 
County lie within ten miles of Bakersville, on the east, 
northeast, south and southeast, at an elevation from 
8,000 to 4,000 feet. 

The geology of Mitchell County has been described 
as follows : 

‘“‘Another considerable area of Laurentian rocks is 
found beyond the Blue Ridge,* occupying most of the 
mountain plateau between that and the Smoky Moun- 


tains, and in places constituting the materials of these | 
The rocks are foliated for the most part and | 


chains. 
consist of indefinite alternations of metamorphic strata, 
gneiss, hornblende, feldspathic and micaceous schists, 
and occasionally chloritic and talcose slates.” 
According to the same authority} the roughly shaped 
hills that occur through Mitchell County, scattered 
irregularly, and in close connection with the greatest 
dislocations of the strata, are to be referred to a very 
low horizon. He identified them as chrysolyte ledges 
(dunite). Though they oceur very frequently in close 
association with the mica-bearing rocks proper, the 
connection between the two has not yet been made 





out. These chrysolyte or dunite ledges occupy the 
middle portion of the plateau, and are sometimes | 
ly a mile long and several hundred ae 
wide. 

It is still, I believe, an unsettled question whether 
this plateau is Laurentian or Lower Silurian, Car- 
brian. The absence of all traces of animal or vege- 
table remains (unless, indeed, graphite be considered 
vegetable remains), the well nigh exclusive occurrence 
of the older crystalline rocks, such as bornblendic and 
actinolytic rocks, schists, syenites, and more or less 
porphyroidal granites, and the extreme dislocation of 
all the members of the series, would seem to indicate 
an age beyond the Silurian. It would require patient 
and long continued observation, based chiefly on strati- 
graphical and petrographical relations, to settle this 








*W. C. Kerr, Geol. of N. C., vol. i (1875), p. 128, 
+ Idem., p. 129. 


mica-bearing rocks of the plateau between the Blue 
Ridge and the Smoky Monntains do not cross the 
Smoky Mountains, except sporadically, and then only 
for a short distance. On the western side of the Smoky 
Mountains, in Teunessee, we meet with the Silurian, 
but as it does not here carry mica, though only a 
few miles from the North Carolina mica zone, the as- 
sumption that the * mica zone ” occurs in rocks older 
than the Silurian is somewhat strengthened, be that 
age Huronian or Laurentian. 

Assuming, therefore, for the present that the mica 
occurs in the very oldest rocks, we may inquire as to 
its immediate congeners. 

A mica vein is only a vein of very coarse granite, in 
which the feldspar, quartz, and mica have erystallized 
on a large seale. Ii differs from ordinary granite chief- 
ly in this respect, that while in granite the crystallizing 
forces have, in a measure, interfered with each other, 
in a mica vein each has had, so to speak, free play. The 
difference between the two can best be conceived by 
imagining the ingredients of granite magnified several 
hundred, indeed several thousand times. The crystals 
of mica in granite seldom attain a greater size than 
one-sixteenth or one-fourth inch across; a single mica 
“block ” from Mitchell County made two two-horse 
wagon loads, and could not have weighed less than 2,000 
pounds! A single block of ‘‘ A” mica from the Mart 

Viseman mine in Mitchell County was 6 feet long and 
8 feet wide. The crystals of feldsparin granite are 
seldom larger than one-sixteenth or one fourth inch 
across. A single feldspar crystal from the Balsam Gap 
mica mine, Buncombe County, weighs 800 pounds, and 
is now in the State museum at Raleigh. A piece of a 
feldspar crystal, now in the possession of the writer, 
obtained from the Deake mica mine, Mitchell iene: 
weighs 30 pounds. It originally weighed 500 pounds, 
but was unfortunately broken by careless handling in 
the mine. Although no large quartz crystals have been 
obtained from these imines, Jarge masses of crystallized 
quartz (generally the darker colored sorts) are con- 
stantly met with. The accompanying small red 
garnets are generally sprinkled reece be the quartz, 
and not through the mica or feldspar. 

The origin of the mica veins will be discussed in the 
next article. 

(To be continued.) 








OUTINIAN SOCIETY. 


THE society which took this uncouth name was 
founded in 18!8 by Mr. John Penn, a descendant of 
William Penn, the Quaker founder of Pennsylvania. 
A design for a medal to commemorate this event was 
prepared, on the obverse of which was the representa- 
tion of Penn holding the charter of Pennsylvania, and 
this inseription : *‘ William Penn, deceased, 1718 ; Out- 
inian Society founded 1818.” On the reverse was a 
representation of Ulysses deriding Polyphemus, and 
from the name Outis, which Ulysses assumed in the 
Cyclops’ cave, the title of the society was formed. As 
the ancient Greek traveler supported a good cause 
under that name, so the society undertook, whether 
for the repression of injustice or exercise of benevo- 
lence, to apply itself to remedy those evils which 
prompt the remark that the business of anybody is 
that of nobody. Thus neglected duties and neglected 
arguments were mainly attended to by the founders of 
the institution. The society owed its existence to a 
poem entitled ‘“Marriage,” published in the New 
Monthly Magazine in 1815, and republished in 1816, 
and was at first called the Matrimonial Society, but it 
soon changed its name to the Outinian Society. The 
objects of the society were to be obtained by the hold- 
ing meetings of both sexes, at which critical and ethi- 
cal lectures were delivered. The mode adopted to ob- 
tain these objects appears absurd enough, but the see- 
retary put forward, as an excuse for the apparent triv- 
ialities of the scheme, the fact that Bishop Berkeley, 
who distinguished himself in the early part of his life 
by exact speculations, concluded his career of science 
by composing his Siris, in which the medical proper- 
ties of tar water are extolled. In spite of the triviality. 
it is thought that some notice of a forgotten society 
that existed for seven or eight years may be of interest. 

The Rev. D. Rivers read lectures at Saville House, 
Leicester Square, and afterward at Mr. Penn’s house, 
10 New Street, Spring Gardens, which was styled the 
Portico, because it was the pone § house in the street 
with a portico attached to it, and for several years the 
lectures delivered by different persons were continued 
every Saturday at this house during the London sea- 
son. The tenth lecture was given on the occasion of 
the marriage of the Duke of Clarence (afterward Wil- 
liam IV.) to the Princess Adelaide of Saxe-Meiningen, 
and the sixteenth lecture was delivered at Mr. Penn’s 
country seat, Stoke Park. A missionary character was 
given to the association by the redelivery of the lec- 
tures in different parts of the country, such as Leam- 
ington, Cheltenham, Weymouth, Maidenhead, Ux- 
bridge, Bath, Windsor, Soutbampton, and Lyndburst. 
The reports of the meetings contained astatement of 
the number of visitors, by which it appears that the 
attendance was frequently very scanty ; thus we learn 
that at Lyndhurst a torrent of rain fell at the time 
fixed for the meeting. The lecturer attended to fulfill 
his engagement, and the seventh lecture was read, but 
there were present to hear it only two ladies and three 
gentlemen, travelers staying at the “Crown” inn. 
On another oceasion, at Weymouth, the rain was so 
violent as to prevent any of the inhabitants from leav- 
ing their houses to hear the lecture. Some of these 
Outinian lectures were published under the editorship 
of Mr. Penn, and in 1828 appeared two quarto volumes 
entitled ‘‘ Records of the Origin and Proceedings of the 
Outinian Society,” in which will be found engravings 
of some of the inventions noticed in this article. 

One of the subjects treated of was the improvement 
of the drama, and ag) ga enunciated were exhib- 
ited ina tongediy by r. Penn, entitled *‘ The Battle of 
Eddington,” which was publicly produced. It was 
suggested to Chateaubriand that he should transiate 
‘*The Battle of Eddington,” for production on the 
French stage. Patriotic writers were to be rescued 
from dependence on the caprice of newspaper editors, 
and with this object, announcements which had been 
rejected by the editors were to be received and exhib- 
ited during the season at the Outinian lectures. 

The president of the society was Mr. Penn, and sev- 
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eral noblemen held the office of vice-president. The 
manager was Baron Nolecken; the treasurer, Roger! 


his collar bone, and the Morning Post took advantage | 
of the accident to draw attention to the Outinian safety | 


Pettiward ; the chaplain, the Rev. J. Masters ; and the 
secretary and lecturer Jonathan, Richardson. The ob- 
jects of the society were chiefly social, and improve 
ments in the manners of good society were aimed at, 


many of which improvements have since been carried | 


out. The reason for noticing the doings of this forgot- 
ten society in these pages will be found in the fact that 
the secretary occasionally gave an account of new in 
ventions which he considered worthy of the support of 
the members, It is remarkable that several of these 
improvements, although pointed out more than half a 
century ago, have only just been adopted. For in 
stance, Outinian lamp labels, for indicating the names 
of the streets at night, were actually set up in certain 
parts of the West End as far back as July, 1824. Labels 
were placed by the society at the corner of Cleveland 
Street and St. James Street, in Duke Street, York Street, 
King Street, and Charles Street, St. James’s, and in Pall 
Mall East, and these were continued for some time, 
but the convenience does not appear to have been suf 


ficiently appreciated to induce the parish authorities | cleaned by this means. 
to enlarge the area of their use, or to renew those] plan of a district, pasted on 


saddle, A safety bridle was also produced. 

A contrivance by which ivory balls were placed at 
the end of the ribs of umbrellas and parasols was in- 
vented by Mrs. Reid, of Charing Cross. The Outinian 
or town umbrella and parasol was thus supposed to be 
safer in the streets than those with the metal points 
projecting round the circumference of the silk, by 
which the eyes of the passers-by were endangered. 
Among the many ingenious contrivances brought for- 
ward were breakfast and dining room table waiters, 
bed pockets, and a covering for the shoulders of inva- 
lids sitting up in bed, to which the name omocalypse 
was given. Special attention was paid to contrivances 
likely to add to the comfort of travelers. Thus bands 
were placed in the traveling carriages to hold hats, 
such as are now common in railway carriages ; and a 
strip of sealskin was placed along the top of the outer 
wooden blind, so that when the exterior of the carriage 
window became obscured by rain or other causes, the 
wooden blind could be let up and down and the glass 
The odosecope was a map or 
wood and varnished, on 


laced on the lamp posts when they were worn out, | which pegs might be placed to mark the spots where 


3esides those referred to, labels were placed in the two 














the driver was to stop the vehicle. Another contriv- 


A PURE forest of pitch pine (Pinus rigida) in Ocean 
County, New Jersey, is situated about twelve miles 
from the sea coast, and forms a part of the extensive 
and interesting domain which surrounds the Laure} 
House, at Lakewood, to the proprietors of which ¢. 
tablishment it belongs. 

This forest is interesting from several points of view 
It is extremely picturesque and beautiful. It occupies 
ground which only fifty years ago was employed for 
‘farming purposes, and it is one of few forests composed 
of a single species of tree which can be seen in the 
Northern States, where a number of different trees are 
usually associated together in forest growth. The 
pines in this Lakewood forest have an average height 
of fifty feet, and their trunks an average diameter of 
ten inches. They stand so close together that grasses 
and undershrubs cannot survive in their dense unbro. 
| ken shade. The forest floor is deeply carpeted with 
moss, however, and altogether this forest reminds one 
more of one of the planted pine forests of Northern 
Europe than anything we remember to have seen be 
|} fore in the United States. The rapid and vigorous 
growth of this young forest upon poor and compara- 
tively worthless lands shows, moreover--and this is itg 











FROG HUNTING.—From a Pantine sy H. Biepermann-Arenvts.—J/lustrirte Zeitung. 


short streets leading from Pall Mall to St. James’s|ance was for the advantage of short persons in a|chief interest—the way such lands along the Atlantic 


Square (John and George Streets), but these were re- 
moved by the parish officers on account of an act of 
Parliament passed to prevent illuminated letters be- 
coming nuisances in those streets where there a 
temptation to indicate coffee houses or similar places of 
meeting there situated 

In 1820, an early form of combined fire engine and 
fire escape, invented by Mr. Felton, of Birmingham, 
was exhibited and described to the Outinian Society, 
and figured in the records of their proceedings. The 
engine is placed below and a gallery above. Between 
the twofis a ladder which could be used by the fireman 
when playing water on the fire, and also as a means of 
reaching the gallery when placed against the upper 
window of a burning house for the purpose of rescuing 
the ininates. 

Another invention brought under the notice of the 
members was a safety saddle, attached to which in 
front were iron supports that touched the ground 
when the horse stumbled, and kept him from falling 
down. An objection was made to this contrivance 
that it had a very singular appearance when not re 
quired, but the inventor answered this by remarking 
that it would only be a nine days’ wonder, and when 
in constant use no one would think it singular. An 


is 


crowd ; it was a 
could be put in t 
styled an elevator. 

It will be seen from this enumeration that the ma- 
jority of the inventions brought under the notice of 
the society were connected with those minor comforts 
which were not li ely to attract much attention except 


“y of stool which doubled up, and 
1e pocket when not in use. It was 


among the pom and those who had but few seri- 


ous evils to contend with. They carried out, however, 
the idea of the society contained in its name, that what 
is everybody’s business is nobody’s, and therefore 
suited to the consideration of those who were gathered 
together under the name of Yoman. One of the pro- 
posals is of more national moment, and has some inter- 
est at the present time. It was a proposal for estab- 
lishing a colonial emigrant institution and public 
drawing school, but what means were taken for carry- 
ing out the proposal do not appear.—Jour. Soc. Arts. 


ACCORDING to MM. Errera, Maistrian, and Clautrian, 
alkaloids in the majority of cases occur in the interior 
of cells and not in the cell walls. They are to be re- 
garded as waste products, but the plant is capable 
of again utilizing them in the formation of albumin- 


Archbishop of Dublin fell from his horse and fractured | oids. 


seaboard, north of Virginia, can be used to the best 
advantage. And finally, it illustrates the possibility of 
protecting, by means of a little trouble and foresight, 
such forests from burning up in the fires which annu- 
ally rage, unchecked, over great tracts iu the New Jer- 
| sey coast region. 
The pitch pine springs up spontaneously on the 
|sandy soil which adjoins the coast from Massachusetts 
Bay to the capes of Virginia. Land which has once 
been tilled and then abandoned again to nature, in al 
| this region is soon covered with a dense and almost im- 
| penetrable mass of young pitch pines, which, if fire 1s 
| kept away from them, soon grow into a valuable forest. 
|If the young pines do not appear spontaneously, the 
|seed can be sown, at a very trifling expense, and with 
| entire assurance of an abundant crop. The seed of no 
other pine, of no other tree, indeed, sown in the open 
ground, germinates with such certainty, as the farmers 
in some of the towns on Cape Cod have shown, an 
there is no other tree which can be grown so cheaply 
on these barren, sandy soils, or give better results in 
so short atime. And could the people of New Jersey 
be induced to follow the example of the owners of the 
Lakewood forests, and protect and encourage the 
| young pines which are struggling to obtain possession 
lof much of the lower part of the State, its wealth and 
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yd in is not one of the most valuable pine 
trees of the United States. Its wood is coarse grained, 
full of resin, and not very strong. It isin every way 
inferior to the wood of the Southern long-leafed pine, 
which it resembles in structure and general appear- 
anee, but which it will never replace as long as the 
Southern pine forests continue to yield as freely as they 
do at present. But the time will come, perhaps, when 
New Jersey pitch pine will play an important role in 
supplying the people of the United States with timber. 
The Southern pine cannot last forever, under the exist- 
ing management of these forests, and the species which 
js every where replacing it, the old field or loblolly pine 
(P. Teda), is inferior to the Northern pitch pine in the 
quality of the timber it produces. Before Southern 

ine was brought to this market the pitch pine of New 
ersey was the only available material in many parts 
of the State for timbers and flooring, and there are still 
houses in some counties where floors and floor timbers 
are known to have been in constant use for more than 
acentury. But it is for firewood and for charcoal that 
the pitch pine is most valuable, and the nearness and 
accessibility of these New Jersey pine forests to great 
centers of population give them special importance as 
sources of fuel supply, which no other forests of this 
character in the country possess. — Much land within 
three or four hours by rail of this city and of Philadel- 

hia, now utterly unproductive and rapidly deteriorat- 
ing through the fires which sweep over it every year, 
ean be made highly productive and profitable by means 
of the pitch pine. People who own land of this char- 
acter will see much to interest and instruct them in 
these Lakewood forests, and in those in the town of 
Orleans, on Cape Cod, in Massachusetts.—C. 8. S., Gar- 
den and Forest. 


AERATION OF WATER SUPPLIES BY NATURAL 
CANALS AND LOW DAMS.* 


Tue ideal drink of water is out of ‘‘the old oaken 
bucket that hung in the well.” Remove the old bucket 
with its balance beam and substitute a modern pump, 
the ideal drink vanishes, the water seems insipid, the 
charm has left the well, we wish the old bucket back, 
lay it all to the new fangled notion of a pump; yet we 
stop there and fail to inquire the true cause. The 
charm lies neither in the old oaken bucket nor in the 
pump, but is due, pure and simple, to aeration. The 
bottom of the old bucket was about one inch above 
the chime of the staves. Every time the old bucket 
was sent down into the well it carried with it a quan- 
tity of air, measured by the area of bucket bottom 
multiplied by the depth that the bottom of bucket was 
inserted in the staves. The pump, owing to its me- 
chanical construction, carried no air down into the 
well. Further comment seems unnecessary. 

Again, on a larger scale: The mountain brook, 
rumbling along its rocky bottom, here a little cascade, 
there a pond, now coursing along a run of water-worn 
stones and bowlders, again a waterfall, and so on for 
perhaps miles, yet always pure, sparkling, and palat- 
able to the tired fisherman! This is the ideal water 
supply—and why? Aeration and subsidence is the 
answer. What is aeration? Webster defines it, ‘‘to 
supply with common air.” : 

ater is composed of oxygen and hydrogen, and is 
uniformly in the proportion of 100 parts of oxygen to 
1246 of hydrogen by weight. Common air is formed of 
oxygen and nitrogen in the proportion of 77 parts of 
nitrogen and 2% parts of oxygen (Silliman) by weight. 

Air is a mechanical mixture. he oxygen of the air 
is abstracted by all substances having an affinity for it, 
with the same ease as if nitrogen was not present. A 
chemical combination of oxygen and nitrogen forms 
nitric acid. The proportions then are four measures 
of nitrogen to ten measures of oxygen, while in com- 
mon air the proportions are four measures of nitrogen 
to one of oxygen (Stockhardat). 

This is a striking example of how wonderfully the 
om gene of bodies change when they chemically com- 

ine with each other. When mechanically mixed to- 
gether, the constituents of nitric acid form a life-sus- 
taining gas, while when chemically combined they form 
one of the most corrosive fluids. 

Oxygen has the greatest range of affinity of any 
known substance. Oxygen is absolutely necessary to 
all living creatures. Every combustion, however fa- 
miliar to us, is a process of oxidation, in which the 
oxygen of the air combines with the particles of the 
burning material. 





ORGANIC CREATION, 


Oxygen, hydrogen, nitrogen, and carbon are the four 
elements which the Creator has established as the basis 
upon which the whole structure of organic creation 
rests ; and from their combination with inorganic mat- 
ter all the various forms of animals and vegetation pro- 
ceed ; yet the inorganic matter bears a very small pro- 
portion to the whole. Take an oak tree. ut of every 

00 pounds only two to four pounds are inorganic, or 

ashes, and about the same proportion holds true of the 
animal kingdom. Oxygen seems to be the agent by 
which the changes in organic nature are brought about. 

here is no chemical change in organic nature without 
heat. Heat is the outward evidence of combustion, 
and, as combustion is a process of oxidation, it follows 
that the changes of organic nature are substantially 
produced by oxygen as the agent. All animate nature 
1s constantly undergoing a change. There is nostand- 
still. All animal and vegetable living matter of to-day 
Will, in the course of a short time, be again resolved 
into the four elements, together with the different in- 
ame matters of which they are composed. And so 
h € ceaseless change goes on, as it has gone on for cen- 
+ nace Oxygen has been the principal active agent 
“rough all this, all tending to purity again. Were 

ere not some such —— yet universal and powerful 
agent constantly at work, the earth would have been 
uninhabitable centuries ago, due to the fouling of the 
oo supply, if from no other cause. Must it not then 

true t at water purification is due primarily to oxi- 
oon: and, if we try to imitate nature closely, will 
5 our success be measured by the nearness with which 
“approach with our imitation? Is not nature’s pro- 





re euvnateliies oe 

Paaat Paper read before the New England Water Works Association at 

bydragiin R. L, Jane 14, 1888, by Stephen E. Babcock, civil and 

tion : ni engineer ; member of the New England Water Works Associa- 
+ chief engineer Little Falls Water Works, Little Falls, N, Y. 





ight “be very considerably augmented. | cess of oxidation, by using the oxygen of the common 


air, the most available agent? Common air is the most 
abundant form of matter in and about the eurth. Does 
not the oxygen of the air combine with the impurities, 
form new chemical combinations, the force of gravity 
precipitate them, and are they not thus removed and 
the foul water made wholesome? Is not this the true 
explanation of the purity and wholesomeness of the 
rock-bound mountain brook ? 


PROPORTION OF AIR WATER WILL ABSORB. 


Regnault, the French chemist, gives the proportion 
of oxygen which water will absorb. He says: 

“* At the ordinary temperature water dissolves about 
we of its volume, or, in other words, one liter of water 
dissolves forty-six cubic centimeters of oxygen, or 100 
cubic inches of water will dissolve 4°6 cubic inches of 
oxygen.” 

Vanklyn, the well-known English water analyst, also 
gives the possible proportion of air which water will 
take up. e says : 

‘* Water is capable of absorbing, in a greater or less 
degree, every gas and every vapor which is placed in 
contact with it. 

‘** All water which has been kept in open vessels is 
necessarily charged with oxygen and nitrogen gases, 
inasinueh as these gases form the chief constituents of 
the atmosphere; and if any sample of water be freely 
shaken 4 with large volumes of air, it will presently 
become charged with nitrogen and oxygen in certain 
well ascertained proportions, dependent on a physical 


S 


w. 

“A liter of water freely shaken up with large vol- 
umes of air at 15° Cent. will absorb 17°95 cubic centi- 
meters of air, the composition of which is : 


ETE GLEN eer pee ing ks 65°1 volumes. 
OXYGEN. ....-cc.see secccceesee. 349 Volumes, 
100°0 


“The composition of the dissolved air is governed by 
the relative proportions of nitrogen and oxygen gases 
in the atmosphere, and by the coefficient of absorption 
of each gas at the temperature at which the absorption 
takes place. At 15° Cent. (according to Bunsen) the 
absorption coefficient of nitrogen is 0°0148, and that of 
oxygen 0°0299, while the relative volume of oxygen and 
nitrogen in air are: 


ee ee OO 
GUD Sas. ass basentanceedcacuets . 21 volumes. 
100 


‘“The relative proportions of nitrogen and oxygen, 
which water dissolves from the atmosphere at 15° 
Cent., are therefore, according to the law, 0°0148 x79, 
0°0299 x71, which gives in percentages nitrogen, 65°1 
volumes ; oxygen, 34°9 volumes ; total, 100. 

“If water be taken from rivers and springs, and be 
bottled up without being freely exposed to the air, it 
will often be found to exhibit a very different ratio be- 
tween the dissolved nitrogen and oxygen gases. 

“Thus in the autumn of 1859, W. A. Miller found 
that a liter of Thames water at Woolwich contained 
63°05 c. c. of dissolved gases, the composition of these 
gases being : 





CY Miinncces. 44 sbBedcccesicoe 48°3 c. ¢. 

RN da alta deubacaas SP Sees 145 c. @. 

NS: Sok0906. Ac cenddndeneieaccthan 0°25 ¢. ¢. 
63°05 


showing extraordinary diminution of oxygen. 

‘* Higher up the river the ratio of nitrogen to oxygen 
was quite different. Thus at Kingston, Miller found in 
a — of Thames water, 52°7 c. c. of gases, consist- 
ing of : 


SIRS 5 oes cccnce, ae tues. ans 80°3 c. c. 

iri <6'00 onbiGdeneire ge eikeirs ain 15°0 c. c. 

RE <.cc0seesblendesios: eénabeaces ane 7446 
52°7 


As will be observed, the ratio of the nitrogen to the 
oxygen in this water is very nearly that which they re- 
quire in a sr aerated water. 

‘* Undoubtedly the Thames water taken out of the 
river at Woolwich owes its deficiency of oxygen to the 
reducing action of urea aud other matters poured into 
the river in the form of sewage.” 


SUBTERRANEAN WATERS. 


Again I find that in a paper read before your associ- 
ation at Manchester, in Joke. 1887, Chas. Brush, C.E., 
of Hoboken, N. J., says: 

‘It is absolutely essential to good water that there 
shall exist in it a certain equilibrium of animal and 
vegetable life, in order to produce and regulate the 
quantity and quality of gases essential to maintaining 
it in good condition. Prominent among these gases is 
oxygen~—not the oxygen of which the water is actually 
composed, but rather additional oxygen in solution in 
the water, which varies greatly under different condi- 
tions. With an excess of oxygen in solution, stagnant 
water is never found. Filtered waters or, what is 
practically the same thing, waters obtained from sub- 
terranean sources of supply, such as galleries or deep 
closed wells, after passing through natural filter beds, 
are generally bright, clear, and quite palatable. If 
allowed to stand any length of time, however, in an 
open reservoir, such water soon deteriorates.” 

The philosophy of this probably is that the absorp- 
tion of oxygen from the air again causes new chemical 
changes to occur, the composition of the water is 
changed, and for the worse probably. If left a great 
length of time the new combination would throw down 

recipitates, and the water would be essentially changed 
in its chemical constituents. , 

Again Mr. Brush says : 

“The best supply is always obtained from water in 
motion. All waters, and especially those obtained 
from the surface streams, are better at some seasons of 
the year than at other seasons, and these seasons differ 
with the different sources of supply. Generally, how- 
ever, the worst season with any is either in midwinter 
or in midsummer. Inthe former case, when the streains 
are frozen over, the air is no longer in contact with the 
water, and consequently the water lacks life. In the 
heat of summer, especially after luxuriant vegetation, 





the oxygen in solution in the water seems to be used 
up to a greater or less extent, and there is an excess of 
vegetable life. In both cases the result is a fishy taste 
and smell, and alge likely to develop.” 


ROYAL COMMISSION ON OXIDATION. 


The English royal commission on water supply (1869) 
in their report say : 

‘If the waters of the Thames had no impurities be- 
yond the solid mineral contents, the question as to 
their wholesomeness and general suitability for the 
supply of the metropolis (London) would be easily dis- 
posed of. 

‘*But attention has been called strongly to the or- 
ganic impurities contained in Thames water, which, 
though more indistinet in their form and less appre- 
ciable in their quantity, are said to be more deleterious 
in their nature and to render the water, if not danger- 
ous and unwholesome, at least liable to suspicion. The 
organic compounds dissolved in the water appear to be 
of very unstable constitution and to be very easily de- 
composed, the great agent in this decomposition being 
oxygen, and the process being considerably hastened 
by the motion of the water. 

‘* Now as such waters contain naturally much air 
dissolved in them, the decomposing agent is ready at 
hand to exert its influence the moment the matter is 
received into the water, in addition to which the mo- 
tion causes a further action by exposure to the atmo- 
sphere, and when (as in the Thames) the water falls fre- 
quently over weirs, passes through locks, etc., causing 
further agitation and aeration, the process must go on 
more speedily and more effectually. The effect of the 
action of oxygen on these organic matters, when com- 
plete, is to break them up, to destroy all their peculiar 
organic constitution, and to rearrange their elements 
into permanent inorganic forms, innocuous and free 
from deleterious quality.” 


ALUM, 


Alum is the substance now almost universally used 
in the patent filters of the present day, yet an examin- 
ation into its chemical constituents would seem to 
show that its efficiency is due to the large proportion 
of oxygen that goes to make it up. Its chemical sym- 
bol is Al,Os, 3880s;+KO, SO;+24HO, which, being re- 
duced to its elements, indicates that 27°38 parts of the 
earthy metal aluminum, 64 parts of sulphur, 39°19 
parts of potassium, 24 parts of hydrogen, and 420 parts 
of oxygen, make up the whole. 


HUMBER ON OXIDATION. 


Humber in his work on water supply sayss: 

‘*Oxidation is another process carried on by nature 
for the purification of fouled water. It operates upon 
the class of impurities which, with one exception, are 
most to be feared, viz., organic matters liable to de- 
composition or already partially decomposed. The 
oxygen which is always dissolved in water exposed to 
the air, and the free atmospheric oxygen with which 
the organic matter is brought into contact by the mo- 
tion of the water, combine with that organic matter, 
thereby converting it into harmless nitrates, nitrites, 
and earboniec acid. The more violent the agitation 
and more complete the aeration of the water, the more 
thoroughly will the organic matter be broken up and 
changed into these innocuous inorganic forms. The 
purifying agent is always at hand and in superabun- 
dance; it is only necessary to utilize it by bringing it 
into contact with the substances upon which it has 
to act.” 

The concurrent testimony of all who have looked up 
the question of water impurities and their removal 
seems to be that a violent mixing of common air with 
water is the most effectual and natural remedy. 


AERATION AT LITTLE FALLS, N. Y. 


At Little Falls, N. Y., where I am now engaged in 
constructing a water works system, the source of sup- 
ply is an cmegecnene pes mountain brook of three 
to four million gallons daily run. It is the finest trout 
brook in the whole section around Little Falls, yet, as 
I bring the water eight and three-quarters miles 
through an inclosed conduit, I concluded to try and 
imitate nature’s process of improving it, and with 
what success the following description will enable you 
to pniee 4 

he closed conduit terminates at a point about 2,500 
feet from the distribution reservoir. rom here to the 
distribution reservoir I constructed an open, paved 
channel to near the distribution reservoir. The ob- 
ject of this open channel is to aerate the water by 
causing the same to pass over a series of sixteen weirs, 
ten feet long, two feet high, distributed along the open 
channel at intervals of fifty and 100 feet apart, as the 
contour of ground admits. The paved channel begins 
at end of conduit, starting with a retaining wall, and 
is three feet wide on the bottom, five feet from top of 
bank down to grade, three feet nine inches of which is 
excavation in natural soil. The excavation is utilized 
to form tow path and berme banks, six feet wide, on 
each side of open channel throughout the whole length 
of the same, preventing any surface drainage from 
entering the canal. The open channel is carried 390 
feet to a ravine or depression in surface of the ground ; 
here a retaining wall is built up to os banks and two 
feet above the natural surface of the ground; the 
water is then carried in a pipe 160 feet through under 
the surface of the ravine. Atthe outlet another re- 
taining wall is built up to top bank and two feet 
above the natural ground. Open channel starts again | 
and is carried along for 580 feet to ancther ravine 100 
feet long, where the water is again carried under 
through pipes and protected by vertical walls at each 
end, and with weirs or dams placed fifty and 100 feet 
a of the same size and dimensions as first stated. 

he water is again carried 700 feet in open channel to 
a point near the line of by-wash canal, which carries 
the water of the several streams formerly running 
through the reservoir past, without entering the reser- 
voirinclosure. From this point the water is conveyed 
in an iron pipe, 970 feet, to and through the bed of the 
distribution reservoir to a point out in the center of 
the same, distant about 430 feet from the gate house 
and 100 feet from the sides of reservoir ; here the pipe 
is turned up vertically and held in place by a rectangu- 
lar mound of masonry, which is carried up two feet 
above water surface of the reservoir. The water is 
allowed to fall over the sides of a square coping on top 
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of mound, giving a final oxidation to the water as it 
mingles with the waters of the reservoir. 

The total oxidation of the water after it has been 
confined in eight and three-quarters miles of conduit is 
represented by the aeration over sixteen weirs or 
dams, ten feet wide, two feet high, a total length of 
open channel 1,600 feet, with a final overfall in the 
center of the reservoir, removing all possibility of foul- 
ing the water by surface wash on edge of reservoir. 
Again, by passing the water through pipes under the 
two ravines, all the surface water and drainage from 
the end of conduit to the diverting or by-wash canal is 
carried on the surface of the ground through these 
are, and cannot contaminate the water in open 
eanal, 

Near the point where the iron Pipe from last section 
of aerating canal passes under the diverting or by-wash 
canal, I placed a branch with a pipe leading into - 
wash canal, locating valves on two ends of the branch. 
The aerating canal forms also a series of subsiding 
ponds or reservoirs, and to provide for a ready means 
of cleaning them I placed the above mentioned branch 
controlled with its valves. Whenever the canal ponds 
become filled with precipitated matters, the line lead- 
ing to the distribution reservoir may be closed, the one 
leading to the by-wash canal opened ; this allows all 
the water to waste into the by-wash canal. To clean 
the ponds and canal, it 1s only necessary to stir up the 
deposits with brooms or other suitable tools, ean the 
water carries them along down and out through the 
by-wash canal to waste, until such time as the canal 
has been cleaned and water runs clear when by chang- 
ing the valves the pure water may again be sent into 
the reservoir. The water is kept in a constant state of 
agitation with the air from the time it strikes the first 
dam to the end of the aerating canal. This I claim to 
be a fairly close imitation of nature’s own way of ren- | 
dering water pure and wholesome as well as pleasant 
and palatable. 


MICRO-ORGANISMS, 


Yet there is one item in water purification also to be 
looked into, the exception referred to by Humber. 
That it is a disputed point as yet as to how far aera- 
tion goes in removing the living germs seems to be the 
fact. Humber says: 

“The class of impurities of which exception was 
made as being that most to be feared is, unfortunately, 
the class upon which the action of simple oxygen is of 
the most doubtful efficiency. The microscopic organ- 
isms known as germs would seem to defy the action of 
oxygen by that very element of vitality which renders 
them so persistently dangerous. While, however, the 
opinions of scientific men on this point are still so con- 
flicting, it would be unwise here to do more than 
recommend the strictest caution.” 





COKE FILTER. 


I determined to obviate this possible danger by add- 
ing a coke filter in the inlet chamber of the distribu- 
tion reservoir. The particular description of inlet 
chamber and filter is as follows : The .inlet chamber is 
of rubble masonry divided into three compartments. 
The first compartment nearest the water is arranged 
with two sets of screens running from top to bottom of 
house ; three inlet tubes are placed ou the inner side of 
this chamber, governed by regulating valves ; these in- 
let tubes are placed at different elevations below the 
surface. Water may be drawn from either one as may 
be required. The water then passes into the middle 
chamber, which is a coke filter bed. The coke extends 
down from the top to a rack placed five feet above the 
bottom of the chamber. From this chamber the water 
is drawn into the third chamber by another inlet tube 

laced two feet above bottom and below the coke. 

rom the third chamber two pipes lead the water down 
to the distribution system. twelve inch mud pipe is 
also provided, laid iaovaghh from the front chamber to 
the outer line of the embankment. 


CLEANING FILTER, 


Provision is made to clean the filter from time to 
time as may be required without interfering with the 
supply to the distribution, as follows: A short twelve- 
inch inlet cleaning tube is led from near the ‘bottom of 
the outer chamber to a point directly under the center 
of base of the coke. A twelve-inch waste pipe connect- 
ing by branch with the mud pipe is let in from top of 
coke in middle chamber down to mud pipe in third 
chamber. Two additional supply pipes are carried 
through from chamber No. 1 to chamber No. 3, to use 
to supply the distribution while the coke is being 
cleaned. 

When the filter is to be cleaned, the regular filter inlet 
tube is closed up. The additional supply pipe leading 
past filter is opened, supplying the distribution inde- 
pendently of filter bed. The short twelve-inch inlet 
cleaning tube is opened; the water then passes up 
through the coke, reversing the line of flow, thus free- 
ing the coke from all the deposits, and the foul water 
is passed off through the twelve-inch waste pipe that | 
leads from the top of the coke down to the mud pipe 
and thence out to the ground at the foot of slope of | 
bank. The coke may thus be cleaned as often as it is | 
found necessary. I adopted coke as a filter material | 
from its very favorable action on the microscopic liv- | 
ing germs. | 

Mr. Percy Frankland, the well known English ana-| 
lyst, has made some very exhaustive experiments to 

etermine the relative values of coke, animal charcoal, | 
and other substances. (Proceedings of Institute of | 
Civil Engineers, England, 1886.) He says: 

* Until the method of water examination by gelatine 
culture was devised, there were no available means by | 
which the relative efficiency for the removal of wicro- | 
organisms of different filtering material scould be esti- 
mated on a quantitative basis. 





The author has sub-| 
mitted to examination, as regards their efficiency in| 
this respect, a number of filtering materials, employing | 
in all cases equal thicknesses of the various substances | 
which were also prepared in the same state of division. | 
The results obtained in these experiments were : 

“ Perruginous green sand. Initial efficiency organ- 
isms per cubic centimeter, before filtering, 80; after, 
none. Reduction per cent. 100. After thirteen days, 
before filtering, 8,000; after, 1,000. Reduction per 
cent. 88. After one month's action, before filtering, 
1,280 ; after, 780. Reduction per cent. 39. 

* Animal charcoal. Initial efficiency, organisms too 
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numerous to count before filtering; after, none. Re- 
duction, 100 per cent. After thirteen days’ action, be- 
fore filtering, 2,800; after, none. Reduction per cent. 
100. After one month's action, organisms before filter- 
ing, 1,280; after, 7,000. Reduction none, but an in- 
crease of 447 per cent. 

‘*Coke. Initial efficiency, organisms per cubic centi- 
meter before filtering, 3,000; after, none. Reduction 

recent. 100. After five weeks’ action, before filtering, 

,000 ; after, 90. Reduction per cent. 984¢. 

‘The author has made further experiments on the 
efficiency of coke as a filtering material. In these ex- 
periments the filters employed were of similar con- 
struction, but an aqueous extract of garden soil was 
employed instead of urine water. Two similar filters 
(a) and (0) were submitted to examination under condi- 
tions as similar as possible. 


INITIAL EFFICIENCY (SECOND DAY.) 


Unfiltered water, 26,000 organisms per cubic centimeter. 
Filter (a) none. 
Filter (d) none. 

Reduction in both, 100 per cent. 

After three weeks’ action, twenty-first day : 


Unfiltered water, 2,230 organisms. 
Filter (a) 339 7 
Filter (b) 219 ” 


Reduction (a) 85 per cent ; (6) 90 per cent.” 

Mr. Frankland’s experiments show that with the 
coke filter properly attended to, it may be relied upon 
to do the work expected. 

CONCLUSION. 

I am satisfied that this system of water purification 
by aeration, using water-ways or canals and a series of 
low dains, may be adapted to both gravity and pump- 
ing systems, and form a permanent, cheap, and reliable 
method of improving the quality of potable water. 
and when once constructed it runs itself. 








EXPERIMENTS WITH SOAP BUBBLES. 
THE paper in which Mr. C. V. Boys, A.R.S.M., de- 





Kensington, described his experiments with soap bub- 
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SOAP BUBBLE 


bles before the Physical Society, has been published in 
the Philosophical Magazine, and we wake the follow- 
ing extracts: Every one is familiar with the fact that a 
soap bubble may be supported or even struck by a 
piece of baize or wool without coming into real contact 
with the material ; it is also well known that two bub- 
bles supported on the pipes from which they are blown, 
or on rings, may ressed or knocked together with 
such violence as to materially alter their shape, and yet 
eS not come into real contact ; there is a film of 
air between them, which —— are unable to squeeze out. 
This film, though thin to ordinary tests, is so thick that 
the colors of Newton's rings are only seen when one of 
the bubbles is very small, so that the air is squeezed 
outthe more readily. If the pressure is increased so 
as to make a real contact, the bubbles both instantly 
burst. That this eae ate may be made great before 
the true contact takes place will be shown in a variety 
of ways hereafter ; but the following simple experiment 
makes it very evident that the air film will prevent the 
contact of two soap films that are pressed together. 
Exp. 1.—Blow a bubble about 9 em. (8° in.) in dia- 
meter, and place it on a ring with a diameter of about 
7em. (2% in.) This bubble may be pulled or pushed 
through the ring by means of a smaller wire ring which 


weight of the ring will not pull it through. Thena 
ring larger than the bubble, carrying a plane film, can 
be used to push it up and down through the ring, and 
yet the two films do not touch (Fig. 1). 

Exp. 2.—Blow a bubble on the lower side of the same 
ring that was used in Exp. 1, and if a larged does 
not remain hanging to the bubble slowly apply solution 
to any part until as great a drop as can safely be car- 
ried has accumulated. Then pass the end of the pipe 
through the upper side of the bubble, and blow another 
inside, but take care in this case to have no excess of 
liquid. When the inner bubble is about twice as large 
as the outer one was at first, remove the pipe with a 
rapid movement. The inner one will now fall gently 
and rest within the outer one, the heavy drop pulling 
the thick part of the outer bubble out of reach of the 
inner one. The air of the outer bubble may then be 
withdrawn until the space between the highest point 
of the two bubbles is no more than two or three willi- 
meters (Fig. 2). 





fig B. 





——= 

The Groh pean with the air film will carry is wey 
shown by the next experiment, which, moreover, ig more 
easily carried out than the last. 

. 8.—Proceed as in the last experiment, but jp. 

8 of making a large drop on the first bubble, hang 
on a moiste ring of wire rather smaller than the 
fixed ring. This ring should be weighted until it puljs 
the bubble so much out of s that a tangent to the 
curve at the points where the film meets the hanging 
ring makes an angle of 20° or 30° with the plane of the 
ring (Fig. 3). A bubble.may then be blown inside and 
allowed to drop, when it will be found to rest on the 
conical seat provided by the outer bubble, while 
heavy drops of liquid are kept apart, and thus there jg 
no fear of contact (Fig. 4). These drops may now be 
both removed with the end of the blowpipe ; then, it 
the lower ring is pulled down slowly, it will be found 
that the inner bubble is being squeezed out of sh 
until it becomes a beautiful oval, while the outer bet 
ble shows the effect of the pressure by a corresponding 
enlargement (Fig. 5). If the lower ring is pulled down 
still further, the outer bubble is simply pulled in half, 
and the inner one, often unbroken, gently floats away 
This shows that contact was not made, as in that cage 
both would be immediately broken. If, however, in, 
stead of pulling the ring too far, it is held in the posi. 
tion shown in Fig. 5, it will be found that it is possible 
to swing the pair of bubbles round and round, and yet 
in spite of this violent treatment the bubbles refuse to 
touch one another. Or, if the lower ring is cautiously 
inclined and pulled away, the outer bubble will 
off it and remain attached to the upper one only. 
two bubbles will now be spherical in, but there wil] 
be no heavy drop as in Fig. 2. The air of the outer 
bubble may be withdrawn as before, until the two 
bubbles are barely separate. 

This experiment, and many of those that follow, may 
be made more beautiful by using for the inner bubble 
a solution strongly colored by fluorescine, or still better 
by uranine (for the knowledge of which I am indebted 
to Mr. Madan); then, if sunlight, electric or magnesiny 
light is thrown on to the bubbles, the inner one appears 
a brilliant green, while the outer one remains clear ag 
before. 

The power of the surface tension to do work is de. 
monstrated by blowing a large bubble below the ring 
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EXPERIMENTS. 


and hanging on the weighted ring. If nowa very small 
ring, a centimeter or more in diameter, is placed on that 
part of the bubble which is stretched across either ring, 
and then the part within the small ring is made to 
burst, the air will eseape through the small hole, and 
the heavy ring will be lifted until it comes in contact 
with the upper one. [f the film over the whole of the 
heavy ring is burst instead, the ring is pulled up # 
suddenly that it is difficult to follow it with the eye, 
and it strikes the upper ring with such violence that 
the noise is loud enough to be heard across a large 
room. 

A suspended ring affords asimple and accurate means 
of measuring the surface tension of the soap film. 4 
plane film is formed across a fixed horizontal ring and 
a light smaller ring is attached to the plane film, whieh 
is then broken within the smaller ring so as to leave 
an annular film only. Weights are then hung on to 
the suspended ring until the angle between the film 
and the plane of this ring a ey 90°. At this point 
equilibrium becomes unstable, and the lower ring falls 
away, but now both rings will be found to carry plane 
films, though the moment before neither did. On re 

ting the experiment a few times it will often be 
ound possible to use such a weight that the ring 
will hang for some time, but will gradually sink, while 
the angle referred to above will approack more 
more nearly to 90° as the surface tension of the film 
diminishes ; and thus the exact surface tension at 
particular moment of separation may be found by di- 
viding weight of the ring and attached moisture by 
twice its circumference. 

Exp. 4 —Bubbles blown with coal gas are lighter tha® 
air, and rise. If, therefore, an inner bubble is blow® 
with such a mixture of air and gas as to rise, it will 
against the upper side of the outer bubble, where there 
are no heavy drops, but where the films are thin 
and clearest (Fig. 6) A pair of bubbles blown in thi 
way will sometimes last an hour when ex i tot 
air of the room. The inner bubble may be gradually 
enlarged by blowing in gas until the outer one ¢a® 
barely withstand the pull. The forms assumed u 
these circumstances are extremely graceful, and theif 
beauty is increased by the play of colors on the tw 
bubbles which the multiple reflections seem to intense 
If, when the inner bubble is not too large, as in Fig. 
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is gently let into the outer bubble, it is pos- 
ee  eafeat the mixture of gas and air that the 
will float either near the top or near the bottom 

of the outer bubble, or about. the middle, as may be 
jesired (Fig. 8). If under these conditions the bubbles 
jeft undistarbed, the richer gas above the inner 
pabble will diffuse into the poorer and heavier gas 
below, and the bubble will slowly rise or fall, according 
tothe relative quantities of gas and air. The diffusion 
through the film is well shown in the next experiment. 

Exp. 5.—Biow a pair of bubbles, as shown in Fig. 6, 
bat make the inner bubble only just light enough to 
rest against the top of the outer one. Lower a bell jar 
ver all, and pass a stream of gas into the bell jar by 
oot of a tube passing through the top. As the air 
is ually driven down, the outer bubble begins to 
feel the want of buoyancy, and gradually settles down, 
as shown in Fig. 9 After a short time the effect of the 
diffusion through both bubbles tending to enrich the 

of the outer bubble is made evident by the gentle 
descent of the inner bubble. 

_6.—Into a large inverted bell jar pour a small 
quantity of ether, or to fill the jar with the vapor 
quickly wet a piece of blotting paper with ether and 
stand it on edge in the jar. Remove the pom. then 
blow a bubble and drop it into the = he bubble 
will rest on the ether vapor as on carbonic anhydride, 
and while floating the most violent agitation of the 
of the film will be seen. The bubble does not 
remain floating long at the same level; it gradually 
sinks into denser and denser layers of vapor, until it 
reaches the bottom or breaks on the way. 

.7.—At the end of a wide tube, which has been 

at the ety end, + . a. Sey —_ 
wer it gently into the vapor of ether, holding the fin- 
over’ the mouth of the tube. After a few seconds, it 
will be found difficult to remove the bubble by means 
of the tube, because its weight may have become suf- 
ficient to tear it away when buoyed up by the air only. 
If it is removed successfully, it will hang like a heavy 
drop ; then, on removing the finger, a light may be put 
to the issuing vapor, which will barn like a Bunsen 
burner. If, moreover, the bubble full of ether vapor is 
held in a brilliant light, the shadow will show the ether 
vapor oozing through the film and falling away in a 
heavy stream (Fig. 10). 

Exp. 8.—Blow a bubble with oxygen gas in a jar 
partly filled with ether vapor; on taking the bubble 
out of the vapor and carrying it to a light it will ex- 
plode with a loud report. Sufficient — will pene- 
trate the bubble, even while it is being blown, to make 
the mixture violently explosive. 

Exp. 9.—The weight of the air is well shown by blow- 
ing a bubble with gas on a ring and then trying to blow 
an air bubble within it (Fig. 11). The inner bubble is 
then pulled out in a pear shape, and very soon breaks 
away from the pipe on account of its great weight. 

Exp. 10.—If Exp. 4 be repeated, but instead of a heavy 
fixed ring a light aluminum one be used to which is 
tied a long piece of thread which may have a sheet of 
paper at the end, then the whole combination will float 
and rise in the air, even though, as in Fig. 7, practically 
the whole of the buoyancy is due to the gas in the inner 
babble. In this case the inner bubble is the bag of a 
balloon, the outer bubble is the netting, and the wire 
and the things carried by it are the car. In this case 
the power of the air film to resist contact of the two 
films is more evident than ever. If any of the former 
figures 6, 7, or 8 are carrying a wire ring and thread, as 
described, it is possible by a suitable pull at the thread 
to release the pair of bubbles, which float away, one 
inside the other, until the ceiling brings the experiment 
to a conclusion. 

Exp. 11.—If the inner bubble of Fig. 6 is made smaller 
than the ring, then the corresponding experiment to 
that represented in Fig. 5 is shown in Fig. 12. The 
small sphere will always roll to the upper end of the 
outer bubble, which may be pulled out to the eylindri- 
eal form and be inclined either way. This modification 
of the other experiment was suggested by Mr. Newth, 
to whom I had shown the previous combinations. 

Exp. 12.—An experiment which is easily performed 
shows in a striking way how the air film resists being 
broken. If a pair of bubbles are blown, as shown in 
Fig. 4, and the vibrating prongs of a large tuning fork 
are brought quite close to the line where one bubble 
rests upon the other, both films will take up the move- 
ment of the fork, and a point of light refleeted by the 
two films is seen spread out into a pair of rings, so vio- 
lent is the motion—yet the films do not touch. It is 
hardly possible to suppose that the two films remain 
as close together where the movement occurs as in other 
parts of the line of support; if they tend to separate 
they form an exception to the general rule that a vibrat- 
ing body attracts an object in the immediate neighbor- 
hood. In this case the inner bubble is heavier than the 
air in the outer one, both because of the weight of the 
film and the compression of the air within due to its 
tension. But if the same experiment is tried when the 
inner bubble is lighter than the air in the outer one, as 
it may be by holding one of the prongs close to the 
highest point of the bubbles shown in Fig. 6, or when 
either bubble is heavier or lighter than the air, the same 
result will be found—the bubbles will refuse to touch 
one another. 

Exp. 13.—A spherical bubble .may be dropped into 
= of these troughs and rolled from end to end, it may 

taken out of one trough and dropped into another, 
a fame may be held with its axis vertical, when 
= ubble may be dropped into the triangular pit, 

ere, however, it will not remain long. 
belie 14.—If, instead of a single helix of wire, two 
elees are fixed to the same axis, but not quite sym- 
metrically, so that in any part the wire of one helix is 
amped that above it than the one below, two helical 
— will not be formed, but there wil be a single one 
ie ee ettinte position, which will be joined to the 
> ge screws bya pair of conical screw surfaces, 
orming with the true screw surface a screw- 
1trough down which bubbles may be rolled or 
Up which they may be wound, as water is wound up 
+» Ar ag pump (Fig. 13). Further, if a series of small 
= es are blown along the helical edge in which the 
films meet at angles of 120°, a spiral staircase is 
made of soap film, down which a bubble will run one 
dar steps at a time, and from which it will escape 
ee when it reaches the bottom. Of course, 
. ee = air, in the same way, will rest 
owe 
down the ae es of a trough, or roll up instead 





Eap. 15.—One more experiment in which the rolling 
of bubbles is the chief feature is worth describing. 
Three rings of wire, seen in section in 14, are 
joined together by wires, shown dotted, are car- 
ried by a central axis, which may be made to rotate, 
After this frame has been dipped in the solution of 
soap, and the three radial planes broken, it is found to 
earry a circular trough, into which a series of bubbles 
wg 4 be dropped, while at the same time the frame may 
be kept rotating, so that the bubbles are rolling round 
and round like marbles on the rim of a solitaire board. 
A corresponding frame might ibly be made of light 
wire, which after dipping would rest on the bubbles in 
the first frame, thus forming a working model of the 
ball bearing. I have not, however, succeeded. 

Pig. 15 shows a convenient ap tus for producing, 
as often as may be desired, a cylindrical bubble of any 
degree of stability. The short tube, a, is in connection 
with a supply of oxygen which is ya to blow 
the spherical bubble shown by the dotted circle. Ac- 
cording to the position of the screw, d, this bubble will 
be 4 or smaller before it comes in contact with the 
ring, 6, which is held down by the loose weight, w. 
The gas tap is then immediately turned off, and the 
ring, 6, raised by the action of the weight, c, until the 
screw, ¢, brings the movement to a stop. Thus the 
length of the cylinder depends on the screw, e, while its 
volume is determined by the screw, d, and so whatever 
degree of stability is found suitable can be reproduced 
as often as may be required. The poles of the magnet 
should be placed at about the level of the line, p p. 

There is one other property of a pair of soap films 
resting against one another, but not in contact, to 
which I have not referred. In a lecture at the Royal 
Institution a few years ago Lord Rayleigh showed that 
two water jets if perfectly clean will, if directed so as 
to meet one another at a small angle, be reflected in 
and fall as two separate jets, never really coming into 
contact atall. If the water is not perfectly clean, the 
experiment will not succeed. He showed that such a 
pair of mutually reflected jets form a very delicate 
electroscope, so that if a piece of excited sealing wax is 
held even at a considerable distance they instantly 
coalesce. As the two jets in his experiments and the 
two bubbles in those which I am about to describe are 
in each case _ apart by a thin film of air, I expected 
to find a pair of bubbles attached to two rings in the 
same way act as a delicate electroscope. 

am ¥ 16.—If a pair of bubbles are blown on rings, 
which must be insulated from one another, as shown 
in Fig. 16, and the cover of a small electrophorus is 
raised even at some yards distance, instantly the two 
bubbles coalesce, as seen in Fig. 17, but do not burst, 
as they have hitherto been found todo. Or if the two 
rings are connected with a key and a single bichromate 
cell so that when the key is not pressed the rings are 
connected together, but when depressed they form the 
terminals of the cell, then at the moment of making 
the contact the bubbles unite because the electrostatic 
attraction between surfaces so very close together is 
able to squeeze out the air, which mere pressure had 
hitherto failed to do. 

Eap. 17.—Bearing in mind how exceedingly delicate 
this is as a test of difference of potential, the following 
experiment seems the more decisive. The cover of the 
electrophorus may be brought so close to the side of the 
bubbles, shown in Fig. 4, as to pull them completely 
out of shape, and yet the outer film so completely 
sereens the inner from the electrical action, even 
though the inner one is to all appearance in contact 
with the outer one, that there is no difference of po- 
tential between them, and so the film of air is not de- 
stroyed. I do not know any experiment which so clearly 
shows as this that electrical force is confined to the ab- 
solute surface of a conductor, and is not felt at any 
depth within it, however small. 

ap. 18.—One more experiment, which is a combina- 
tion of these two, is worth performing. If one of the 
bubbles of Fig. 16 is replaced by the combination shown 
in Fig. 4 while the other remains as before, and if the 
cover of the electrophorus is raised anywhere in the 
neighborhood, immediately the two outer films join 
and become one, while the inner bubble, undamaged, 
and the heavy ring slide down to the bottom of the 
now enlarged single bubble, and give rise to the form 
shown in Fig. 18. 

I am perfeetly sensible of the fact that these experi- 
wents lie very closely on that ill-defined border line 
which separates scientific work from scientific play, 
but I trust that the beautiful way in which they illus- 
trate the action of certain forces may be sufficient ex- 
cuse for my showing members of the Physical Society 
what cannot fail to remind some of them of their nur- 


“ days. 
he following particulars may be of service to those 
who wish to repeat any of these experiments. 

The solution that 1 have used is com of 1 part 
4 weight oleate of soda and 40 parts of distilled water. 
These, when solution is complete, are well mixed with 
one-third the volume of glycerine and left for a week 
to settle in stoppered bottles. The liquid is then si- 
phoned off from the impurities which have risen to the 
surface, and clarified with a few drops of ammonia. 
The thick wire rings and frames are made of tinned 
iron wire 144 millim. (No. 17 B. W. G.) in diameter, well 
cleaned with emery cloth. The thin wire rings may be 
made of — wire, but aluminum about 4¢ millim. 
(No. 25 B. W. G.) in diameter does well. I have found 
it necessary to make a a with a trap, as shown 
in Fig. 19, to eatch conden moisture, which is apt 
to cause a failure if it mixes with the bubble. The dia- 
meter of the mouth is 7 millim. (028 in.) For de- 
taching small light bubbles, a pipe with a smaller 
mouth should be used. When both gas and air are 

in any experiment, and it is necessary to regulate 
the proportions very carefully, it ic well to have a 
T-piece attached to the blow pipe, so that either gas 
or air may be blown or stop at pleasure.— English 
Mechanic. , 








PROFESSOR WROBLEWSKI. 


WE regret that we have to record the death of Dr. 
Sigmund Wroblewski, the Professor of Experimental 
Physics at the University of Cracow. While working 


in his laboratory, the late professor was severely burnt 
through the accidental upsetting of a petroleum lamp, 
and unfortunately the wounds which he then received 
have been the cause of his lamented decease. Dr. 
Wroblewski was born in the year 1848, and studied first 
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in the University of St. Petersburg, and subsequently 
continued his investigations at Strassburg. In 1882 he 
was a —— to the chair of experimental physics in 
the versity of Cracow, and has, since then, contrib- 
uted considerably to our know of the subject of 
the liquefaction of the permanent gases and the be- 
havior of substances under high pressures and low tem- 
ratures. The valuable supplement tc the work of 
ailletet and Pietet, which is due to the labors of Pro- 
fessor Wroblewski, cannot be easily estimated, and we 
deplore the occurrence of the fatal accident which robs 
the scientific world of such an able experimentalist in 
this important department of chemistry. 

By his earlier experiments on the liquefaction of the 
permanent gases he was able to determine the critical 
temperatures and pressures of oxygen and nitrogen, 
and also from his researches on the absorption of gases 
by — under high pressures proved that carbonic 
acid did not form the hydrate CO,.H,O. In conjune- 
tion with Dr. K. Olszewski, he extended his investiga- 
tions to a study of the behavior of carbon bisulphide 
and alcohol at low temperatures, and succeeded in 
solidifying both these liquids. Nitrogen and carbon 
monoxide were liquefied under conditions similar to 
those employed in the case of oxygen, but liquefaction 
was attended with greater difficulty. By the rapid 
ebullition of liquid oxygen a temperature of about 
--186° was obtained, and at this temperature the sud- 
den expansion of ro nitrogen caused it to form 
snow-like crystals, and hydrogen, at the same temper- 
ature, under a pressure of more than 100 — 
was also obtained in the liquid condition. The low 
temperatures observed when these gases boil were reg- 
istered by the aid of a galvanometer and a thermo- 
electric couple, and by their use he determined the 
boiling points of the liquid nitrogen and hydrogen 
under known pressures. The insulating properties of 
liquid oxygen and nitrogen were recorded in a paper 
communicated to the Comptes Rendus in 1885, and in 
the following year he succeeded in determining the 
density and properties of liquefied air, and established 
the fact that atmospheric air, when in the liquid state, 
behaves as a mixture. The atomic volumes and the 
densities of these gases were also first accurately deter- 
mined by Professor Wroblewski, and his results have 
since been confirmed by more recent observers. The 
theoretical questions which arise out of researches of 
this nature also claimed his attention, and in a long 
ay published last year in the Annales Phys. Chem. 

e proposed that the relation of the physical proper- 
ties of gases and liquids should in future be represented 
by curves showing the rate of change of pressure with 
temperature for different densities instead of by iso- 
thermal lines. These curves he called “ isqpyknics,” 
and from inspection of the diagram of such “isopyk- 
nics” new and important conclusions were deduced. 
In diagrams of this nature the expansion of the sub- 
stance by heat, and its compressibility, are expressed 
by the passage from one isopyknik to another either in 
a vertical or horizontal direetion. ‘This method of 
representing the phenomena accompanying the change 
of state of substances must therefore also be associated 
with the important experimental work by which the 
name of Wroblewski will be remembered.—Chem. News. 








A NEW LECTURE APPARATUS FOR MAKING 
SULPHURIC ANHYDRIDE. 


By Dr. W. R. Hop@Kryson and F. K. Lownpss, F.C.S8. 


WE have lately designed a piece of apparatus which 
exhibits in a most striking manner the oxidation of 








SO., by means of oxygen in nee of lati- 
nam, and which we think will be of poe my: A use 
to other lecturers. It consists, as the sketch will show, 


of an inverted bell jar having an aperture at each end ; 


through the lower one is pushed a caoutchoue stopper 
having passed through its center a small rod of wood, at- 
tached tothe upper end of which isa piece of moderately 
thick platinum wire, holding in its position in the cen- 
ter of the jar a block of spongy platinum. The upper 


aperture of the bell jar is closed with a well-fitting but 
not 
two glass tubes bent at right angles outside, an 
curved so as to impinge on to the 


ushed 
inside 
platinum, as shown. 
ised to a moderately high 


ed piece of wood, through which are 


flame, and pushed into its 
; streams of oxygen (or even air) and sulphur 

through their respective tubes ; 
becomes filled with vapor of sul- 
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phar trioxide, and if the supply of gases is steady, and 
not too violent, a large quantity of this substance can 
be made in a very short space of time. The experi- 
went is still more striking if the SO, be passed fora 
short time before starting the oxygen, or vice versa.— 
Chem. News. 


ALUMINUM BASES. 


Dr. C. C. CARROLL’s clinics—aluminum cast den- 
tures—are interesting those who desire to discard the 
vegetable bases. He has succeeded in overcoming the 
difficulties encountered by those who have for years 
been endeavoring to make use of aluminum. By the 
use of the pneumatic crucible he is able to make the 
cast, and by making an alloy of aluminum with plati- 
num, silver, and copper, he reduced the shrinkage from 
vy to yhy Of an inch, practically nil. The percentage 
of alloy is3%s. Take an impression for this aluminum 
cast work as forany other work; then from this im- 
pression make a model of ‘cay wed of Paris three parts, 
and of fine sand and marble dust, one part. Proceed 
very much as in rubber work. For model base plates 
take common paraffine wax and roll it down to about 
twenty-three standard gold plate gauge. 

There are various forms of mounting the common 
rubber teeth for use in this aluminum cast work, the 
simplest of which is to cast a base plate with a flange 
or under-cut for the purpose of attaching the teeth by 
pink rubber or celluloid. Upon this cast base plate 

lace wax and get the bite, which place upon the articu- 
ator and mount in the usual manner for rubber work. 
Then attach the teeth to this aluminum base plate, 
making an artificial gum of pink rubber or celluloid. 

Another form of mounting is to place plain teeth di- 
rectly upon the temporary wax base plate, the same as 
in mounting for rubber work, with the exception to 
space the teeth slightly to allow for slight contraction. 
Along the labial border make an under-cut in the wax 
base plate, which under-cut is reproduced in the alu- 
minum plate permanently when cast, for the attach- 
— of agum-colored facing of pink rubber or cellu- 
oid. 

The accompanying cuts give a very good idea of the 
mode of investing, aud full and explicit directions are 
furnished with each outfit. If these are carefully fol- 
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lowed, success will result. Those who are familiar with 
cast bases will have no difficulty manipulating alumi- 
num. 

Fig. 1 shows the one rary base plate on the model, 
and invested in the flask, 
vesting material cnt away. 


ab isthe middle gate ; cc, 
gates from the heel to the middle gate; dd, perpen- 
dicular gate ; ef, the flange on base plate ; /, base plate 
cut throughto show position on the model ; v0, direc- 
tion of metal in casting. 

Fig. 2 shows a denture mounted and invested in 


with a section of flask and in- | 


female part of flask for base No. 2, one half, with the 
wax removed, or for base No. 1, when to be cast directly 
on the teeth. 

Fig. 3, f/f, represents the line of the flange after at- 
tachment with rubber or celluloid ; aa, alveolar edge | 
of plate.—Archives of Dentistry. 


THE NEW SUGAR SUBSTITUTE. 
By JoHN MICHELS. 


WE have received a quantity of saccharine, and have 
now been testing it for about a month, using it in the 
place of sugar for domestic purposes. 

We found it difficult to dissolve even in boiling water, 
although soda was added, and other means taken ac- 
cording to formula for making a perfect solution, This 
trouble has been spoken of by all who have made use 
of this substance. Saccharine is not altogether odor- 
less or tasteless, but in use it imparts no particular 
flavor, and we found its sweetening property all that 
could be desired. We thought it convenient to make a 
solution of sufficient strength that a teaspoonful would 
sweeten a breakfast cup of tea. Using it in this man- 
ner tests were made in many ways, such as making 
lemonade, custards, puddings, mixing with acid fruits, 
and various kinds of domestic cooking. In all such 
cases it imparted an agreeable sweetness, but in our 
experience we found it did no wore than counteract or 
neutralize acidity. Now, it is well known that sugar 
not only has a sweetening property, but seems to be 
possessed of a power of bringing out an increased flavor 
of the substance it sweetens; in other words, the flavor 
is intensified. 

We found that the use of saccharine, on the contrary, 
appeared to deaden the flavor of the substance sweet- 
ened, which is a great disadvantage. Attention has 
also to be drawn to the fact that sugar is a food, a 





uality not possessed by saccharine, which passes 
through the human body unaltered and never di- 


gested, affording no nutrition to those who eat it. For 
these reasons it can never take the place of sugar as an 
article of diet, however cheaply it py! be produced. 
It, however, has its use, and will be a blessing to those 
rage wo afflicted with diabetes, a disease of the kidneys 
n which the use of sugaris prohibited by all medical 
authorities. As saccharine passes through the body 
undigested, it can be used by such persons with impu- 
ar Ns will be a great boon to those having a sweet 
tooth. 


We do not, however, recommend the unlimited use of 
saccharine, as we are not altogether sure of its inert 
roperty while passing through the human system. 
n some cases we found it caused irritation of the bow- 
els of a slight degree, but not approaching inflamma- 
tion, and we have thought that some persons may suf- 
fer by its use in this manner. After all, the use of 
sweet food is only an acquired taste, a mere habit, and 
we have found by a practical test that the palate soon 
becomes accustomed to unsweetened foods and that 
finally they are preferred. We therefore would advise 
those who are prohibited from eating sugar to use sac- 
charine very sparingly, and only when necessary to 
counteract great acidity, such as is found in the lemon. 
We trust the day is far distant when “ saccharine” 
will be produced at a cheap rate, as it will in that case 
be lar, fy used as an adulterant in the place of sugar. 
It will be very difficult for the publie to distinguish 
the difference, but saccharine will at all times be 
readily traced ms the chemist who is a competent ana- 
ss a formula is already known for its detection.— 
ea . 


A New Catalogue of Valuable Papers 


Contained in ScrENTIFIC AMERICAN SUPPLEMENT 
during the past ten years, sent free of charge to any 
address. MUNN & CO., 361 Broadway, New York. 


THE SCIENTIFIC AMERICAN 
Architects ai Builders Edition. 


$2.50 a Year. Single Copies, 25 cts. 


This is a Special Edition of the SciENTIFIC AMERI- 
CAN, issued monthly—on the first day of the month. 
Each number contains about forty large quarto pages, 
equal to about two hundred ordinary book pages, 
forming, practically, a large and splendid Magazine 
of Architecture, richly adorned with elegant pilates 
in colors and with fine engravings, illustrating the 
most interesting examples of modern Architectural 
Construction and allied subjects. 

A special feature is the presentation in each number 
of a variety ef the latest and best plans for private 
residences, city and country, including those of very 
moderate cost as well as the more expensive. Draw- 
ings in perspective and in color are given, together 
with full Plans, Specifications, Costs, Bills of Estimate, 
and Sheets of Details. 

No other building paper contains so many plans, 
details, and specifications regularly presented as the 
ScrentiFic AMERICAN. Hundreds of dwellings have 
already been erected on the various plans we have 
issued during the past year, and many others are in 
process of construction. 

Architects, Builders, and Owners will find this work 
valuable in furnishing fresh and useful suggestions. 
All who contemplate building or impreving homes, or 
erecting structures of any kind, have before them in 
this work an almost endless series of the latest and best 
examples from which to make selections, thus saving 
time and money. 

Many other subjects, including Sewerage, Piping, 
Lighting, Warming, Ventilating, Decorating, Laying 
out of Grounds, etc., are illustrated. An extensive 
Compendium of Manufacturers’ Announcements is also 
given, in which the most reliable and approved Build- 
ing Materials, Goods, Machines, Tools, and Appliances 
are described and illustrated, with addresses of the 
makers, etc. 

The fullness, richness, cheapness, and convenience of 
this work have won for it the Largest Circulation 
of any Architectural] publication in the world. 


MUNN & CO., Publishers, 
361 Broadway, New York. 








A Catalogue of valuable books on Architecture, 
Building, Carpentry, Masonry, Heating, Warming, 
Lighting, Ventilation, and all branches of industry 
pertaining to the art of Building, is supplied free of 


| charge, sent to any address. 





Building Plans and Specifications. 


In connection with the publication of the BUILDING 
EDITION of the ScrENTIFIC AMERICAN, Messrs. Munn 
& Co. furnish plans and specifications for buildings 
of every kind, including Churches, Schools, Stores, 
Dwellings, Carriage Houses, Barns, etc. 

In this work they are assisted by able and experi- 
enced architects. Full plans, details, and specifica- 
tions fcr the various buildings illustrated in this paper 
ean be supplied. 

Those who contemplate building, or who wish to 
alter, improve, eat mew 9 or add to existing buildings, 
whether wings, porches, bay windows, or attic rooms, 
are invited to communicate with the uudersigned. 
Our work extends to all parts of the country. Esti- 
mates, plans, and drawings promptly prepared. Terms 
thoderate. Address 


MUNN & CO., 836i Broapway, NEw YORK. 
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bound in stiff covers. 
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